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THE  PRBSEDBNT  in  the  Chair. 

The  Presents  reoeived  were  laid  on  the  table,  and  thanks  ordered 
for  ^hein. 

The  following  Papers  were  read : — 

I.  **  On  the  Electrical  Resistance  of  Carbon  Contacta"  By 
Shelford  Bidwell,  M.A.,  LL.B.  Communicated  by  Pro- 
feesor  W.  G.  Adams,  F.R.S.    Received  January  18, 1883. 

1.  Object  of  the  InvestigcUum. 

It  is  well  known  that  the  electrical  resistance  of  carbon  contacts 
-diTni"''«^<^  with  increased  pressare,  though,  so  far  as  I  am  aware,  the 
phenomenon  has  never  hitherto  been  sjstematicallj  investigated. 
The  experiments  described  in  this  paper  were  begun  with  the  object 
<t£  establishing  a  quantitative  relation  between  pressare  and  redst- 
joice ;  hut  the  subject  grew  considerably  under  treatment ;  fresh  facts 
from  time  to  time  claimed  attention,  and  several  interesting  details, 
not^  I  helieve,  previously  observed,  were  eventually  brought  to  light. 

LioaBe  contacts  are  proverbial  for  the  uncertainty  of  their  action, 
4uid  it  was  to  be  expected  that  the  investigation  would  prove  trouble- 
some and  the  results  obtained  by  no  means  uniform.  By  multiplying 
experiments,  however,  the  element  of  xmcertainty  was  to  a  great 
extent  removed,  and  in  most  cases  it  was  found  possible  to  indicate  a 
:  law  with  tolerable  certainty. 


2.  A^aratus  for  BegtUaiing  Pressure. 
The  instrument  used  for  regulating  the  pressure  is  shown  in  fig.  1. 

▼OIk  XXXV.  B 
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The  apparatns  consists  of  a  little  balance.     HK  is  a  light  steel  rod 
formed  of  a  fine  knitting  needle  b^nced  at  C  on  a  knife-edge,  which 


is  nxed  at  right  angles  to  it.  To  one  end,  K,  is  attached  a  split  tube 
of  thin  copper  for  holding  short  rods  of  the  different  materials  to  be 
tested,  which  are  held  so  a^  to  press  at  right  angles  upon  another  rod, 
R,  supported  in  a  spring  clamp.  Midway  between  C  and  K  is  hung 
the  scale-pan  S,  and  at  H  is  a  sliding  counterpoise,  which,  at  the 
beginning  of  an  experiment,  is  so  adjusted  that  a  weight  of  *01  grm. 
in  the  scale-pan  will  just  bring  K  and  B  into  contact  with  each  other. 
Electrical  connexion  is  made  through  the  wires  W^  and  W^,  the 
former  of  which  is  attached  to  the  clamp  holding  R,  and  the  latter 
communicates  with  a  mercury  cup,  into  which  dips  a  wire  attached  to 
the  rod  HK  at  the  point  C.  It  is  evident  that  the  pressure  between 
K  and  R  will  be  equal  to  half  the  weight  in  the  scale-pan  S. 

3.  Belaiion  between  the  Pressure  of  Carbon  Contacts  and  their  Resistance. 

Two  short  rods  of  electric  light  carbon,  6  millims.  in  diameter, 
were  placed  in  the  instrument  in  the  positions  shown  at  K  and  B,  and 
the  resistance  with  different  pressures  measured  in  the  ordinary 
manner  with  a  Wheatstone's  bridge.  The  means  of  three  series  of 
such  measurements  made  under  as  nearly  as  possible  the  same  con- 
ditions, are  given  in  Table  I. 

Table  I. — ^Relation  between  Pressure  and  Resistance  when  measured 
in  the  ordinary  way. 

Preeeure.  Besistance. 

Grammes.  Ohms. 

•25  16  10 

•5  11  00 

1  8-43 

1-5  6  70 

2  6  15 
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Pressure. 
Chranunes. 


Resistance. 
Ohms. 


2-5 

5-90 

3 

6  13 

3-5 

6-00 

4 

4-60 

4-5 

4-33 

5 

4-23 

7-5 

3-53 

10 

3  06 

12-5 

2-80 

15 

2-60 

17-5 

2-46 

20 

2-33 

25 

2  16 

60 

1-86 

From  the  above  results  the  curve  fig.  2  has  been  constmoted,  where 
the  abscisssB  represent  the  pressures  at  the  points  of  contact  and  the 
ordinates  the  resistance  in  ohms.  The  curve  shows  clearly  that  the 
greatest  variations  occur  when  the  pressure  is  small  and  the  resistance 
comparatively  high. 


4-  Change  of  Resistance  partly  due  to  Effect  of  Current, 

In  making  measnrements  of  the  kind  above  described,  the  details 
of  the  arrangements  were  from  time  to  time  varied.  Different  pro- 
portional coils  were  used  and  different  numbers  of  battery  cells ;  and 
it  soon  became  evident  that  the  resistance  of  the  carbon  contact  was 
largely  dependent  on  the  strength  of  the  current  used  to  measure  it. 
In  Table  II  (giving  the  mean  of  two  series  of  observations)  is  shown 
the  result  of  using  one,  two,  three,  and  four  cells  successively. 

b2    ^ 
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Table  U. — Effect  npon  Resistance  of  Increased  Electromotive  Force. 


Besistance  in  ohms  with 

Pressure. 
Grms. 

IceU. 

2  cells. 

cells. 

4  ce\U. 

•25 

11  10 

7-20 

4-70 

3 -66 

•5 

5-95 

4-70 

4  10 

3-50 

1 

4-40 

8-66 

3-26 

3  10 

1-6 

3-60 

8-20 

2-96 

2-80 

2 

3-55 

3  16 

2-80 

2-60 

2-5 

3-35 

2-95 

2*65 

2-40 

8 

2-90 

2-65 

2-36 

2-30 

3-5 

2-45 

2-30 

2  06 

1-96 

4 

2-25 

2  10 

2-00 

1-90 

4-6 

2  10 

1-95 

1-86 

1-76 

6 

1-96 

1-85 

1-75 

1-70 

7-6 

1-65 

1-66 

1-60 

1-46 

10 

1-50 

1-46 

1-40 

1-86 

26 

115 

105 

105 

106 

It  became  interestiiig  to  ascertain  what  would  be  the  effect  of 
making  still  farther  variations  in  the  strength  of  the  measuring  current. 
A  box  of  resistance  coils  was  therefore  inserted  between  the  batteiy 
(two  Leclanch^  cells)  and  the  bridge  arrangement ;  and  the  weight 
in  the  scale-pan  remaining  the  same,  various  resistances  were  succes- 
sively unplugged  in  the  box.  Table  III  gives  a  few  of  the  measure- 
ments with  pressures  of  *5,  2*5,  7*5,  and  25  grms.  This  table  sho?r8 
that  the  resistance  of  the  carbon  contacts  varies  greatly  with  the 
strength  of  the  current  when  the  pressure  is  small,  and  but  veiy 
slightly  when  the  pressure  is  great. 

Table  ni. 


Added  resis- 
tance in 
circuit. 
OhmA. 

Resistance  in  ohms  with  pressure  of 

•5  grm. 

2*5  grms. 

76  grms. 

25  grms. 

0 

5 

10 

50 

100 

600 

1000 

6-6 

6-9 
7-7 
8-6 
9-3 
9  7 

2  7 
2-8 
2-9 

3  1 
8  1 
8  1 
3  1 

1-7 
1-8 
1-8 
1-9 
1-9 
1-9 
1-9 

102 
108 
108 
108 
1-03 
1-08 
108 
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It  is  clear  therefore  that  the  dimiaation  of  resistance  which  occurs 
when  the  pressure  between  carbon  contacts  is  increased  is  not,  under 
ordinary  circumstances,  due  solely  to  the  direct  effect  of  pressure. 
For  the  diminished  resistance  which  results  from  the  increased 
pressure  causes  an  increase  in  the  strength  of  the  current,  the  effect 
of  which  is  a  still  further  fall  in  the  resistance.  Thus  the  total 
diminution  of  resistance  is  due  partly  to  increase  of  pressure,  and 
partly  to  increased  strength  of  current. 

5.  Variation  of  Resistance  with  Varying  Pressure  and  Constant  Current. 

Table  TV  and  the  curves  in  fig.  3  show  the  results  when  special 
iD^uis  were  taken  to  maintain  constant  currents  of  *1  and  *001 
ampere  respectively,  the  pressure  at  the  contacts  increasing  from  *05 
to  25  grms. 


Table  IV. — Effect  of  Pressure  upon  Resistance  of  Carbon  Contacts 
with  Constant  Currents. 


Preeeure. 
Gnns. 

•05 
•25 
•5 

1 

1-5 

2 

2  5 

3 

3-5 

4 

4-5 

5 

7  5 
10 
15 
20 
25 


Besistanoe  in  ohms  with 

current  of 

r 
•1  ampire. 

"1 
-OOi  ampere. 

11-02 

68  00 

9-27 

25-50 

8-46 

17-75 

6-56 

11-75 

5-63 

9-75 

5-34 

7-50 

4-57 

6-60 

4  15 

5-85 

4  03 

5-70 

3-63 

5-70 

3-41 

4-95 

3-31 

4-95 

2-95 

3-65 

2-51 

3-15 

2  10 

2-45 

1-89 

2  10 

1-67 

1-75 

It  will  be  seen  that  with  small  pressures  the  resistance  is  largely 
dependent  upon  the  strength  of  the  current,  but  when  the  pressure  is 
considerable,  the  resistance  with  weak  and  strong  currents  is  nearly 
the  same. 
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6.  Variation  of  Resistance  with  Varying  OurretU  and  GonstoMt 
Pressure. 

The  same  effect  may  be  exhibited  in  another  form  by  varying  the 
<5nrrent  while  the  pressure  remains  constant.  Table  V  gives  the 
variations  in  the  resistance  with  currents  of  from  '01  to  '2  ampere,  the 
pressure  at  the  point  of  contact  being  throughout  1  grm. 


Table  V. — Changes  of  Resistance  produced  by  Current,  the 
Pressure  remaining  Constant  at  1  grm. 

Current.  Besistance. 

Ampere.  Ohms. 

•01  11-4 

•02  10-8 

•03  10^4 

•04  9-8 

•05       9  •e 

•06  8-9 

•07  8-5 

•08  8-2 

•09  7-9 

•1  7-6 

•15  5  •e 

•2  4  5 

The  results  are  also  shown  in  the  curve  fig.  4. 
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7.  The  Effect  of  Pressure  on  the  Resistance  of  Carbon  is  Temporary. 

In  order  to  asoertain  whether  the  diminution  of  resistance  under 
pressure  was  entirely  of  a  temporary  nature,  or  whether  it  continued 
in  any  degree  after  the  pressure  had  been  removed  (the  carbons  of 
conrse  being  undisturbed)  a  special  arrangement  was  made  by  means 
of  which  a  5  grm.  weight  could  be  placed  in  or  taken  out  of  the  scale- 
pan  without  causing  any  appreciable  oscillation.  The  weight  was 
attached  by  a  thread  to  one  end  of  a  horizontal  lever,  the  lever  being 
so  supported  that  when  the  other  end  of  it  was  depressed  the  weight 
was  raised  about  a  centimetre  above  the  pan;  this  could  be  done 
without  in  any  material  degree  disturbing  the  carbon  contacts. 

A  weight  of  1  grm.  being  in  the  'scale-pan,  the  resistance  of  the 
contact  was  measured  with  the  Wheatstone's  bridge,  and  one 
Leclanche  cell ;  the  5  grm.  weight  was  then  lowered  into  the  pan,  and 
a  measurement  made  of  the  diminished  resistance.  The  5  grm. 
weight  was  again  gently  raised,  and  the  resistance  with  a  single 
gramme  once  more  measured.  In  every  case  it  was  found  to  have 
retnmed  almost  exactly  to  its  original  value.  Table  VI  gives  six 
series  of  measurements  thus  made. 

Table  VI. — One  Leclanch^.     Proportional  Coils  10  and  1,000  ohms. 


Grms. 

Resistance. 

Ohms. 

Ohms. 

Ohms.      Ohms. 

Ohms. 

Ohms. 

*5 
3 
•5 

19 
25 
20 

20 
15 
20 

20           19-6 

14      ;    13  -9 
20      !     19-9 

1 

19-3 
13-7 
19-5 

19-2 
13-6 
20  0 

The  experiment  was  repeated  with  a  resistance  of  300  ohms  between 
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the  batterj  and  the  bridge,  that  the  current  might  be  smaller.  The 
reeolts  are  contained  in  Table  YII,  and  are  subetantiallj  the  same  a& 
before. 


Table  YII. — Same  arrangement  as  in  Table  YI,  with  a  Resistance  of 
300  ohms  between  the  Battery  and  Bridge. 


Pressure. 
Grms. 

Ohms. 

Besistance. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

•5 
3 
•5 

80  1 
24-3 
32-9 

81-6 
25*2 
33-2 

31-6 
19  0 
34-4 

84-4 
19-6 
36-4 

35*4 
19-8 
35  1 

34  1 
18-8 
36-4 

It  will  be  noticed,  however,  that  the  final  resistance  is  almost 
invariablj  slightly  higher  than  the  original  resistance;  bnt  this 
increased  resistance  gradually  diminished,  88  may  be  seen  by  com- 
paring the  last  figure  of  one  column  with  the  first  of  the  next,  and 
periiaps  if  time  were  given  it  would  return  to  its  original  value.  This- 
is  probably  a  thermo-electric  effect. 

8.  Effects  of  Heating  Contacts. 

Since,  as  is  well  known,  the  resistance  of  a  continuous  conductor  of 
carbon  is  diminished  by  heat,  it  would  be  reasonable  to  suppose  that 
the  diminution  which  the  resistance  of  carbon  contacts  exhibits 
under  the  influence  of  increased  currents  is  due  merely  to  the  heating 
effect  of  the  current.  Experiments  made  with  the  view  of  testing  this 
hypothesis  failed,  however,  to  support  it.  Carbou  contacts  of  various 
forms  were  heated  in  an  air-bath,  and  their  resistance  measured  at 
different  degrees  of  temperature.  The  resistance  was  in  every  case 
found  to  vary  irregularly  (probably  because,  in  consequence  of  the 
expansion  due  to  heat,  the  relative  positions  of  the  points  of  contact 
were  slightly  altered)  but,  in  general,  rise  of  temperature  was  accom- 
panied by  a  rise  in  the  resistance.  Thus,  in  one  case  with  a  pressure 
of  1  grm.,  the  resistance  which  at  16°  C.  was  9  ohms,  became  at 
•50°  10*7  ohms.  Upon  another  occasion  the  resistance  increased  from 
11-9  ohms  at  15°  to  156  ohms  at  36°.  And  again  with  a  pressure  of 
5  grms.,  the  resistance  increased  from  4*7  ohms  at  17°  to  5*7  ohms 
at  50°.  In  every  case  the  resistance  fluctuated  considerably,  rising 
and  falling  alternately  as  the  temperature  was  raised,  but  the  general 
tendency  seemed  to  be  towards  increased  resistance.  This  may 
possibly  be  due  to  the  formation  of  a  non-conducting  film  by  air  or 
gases  expelled  from  the  carbon  by  heat. 
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9.  Permanefit  Effect  of  GurreiU  upon  Resistance. 

Under  certam  circnmstances  the  cnrreDt  produces  a  permanent  and 
not  merely  temporary  effect  npon  the  resistance ;  that  is  to  say,  the- 
resistance  of  the  contacts  (so  long  as  they  are  nndistnrbed  by  Tibra- 
tion  or  otherwise,)  is  fonnd  to  be  lower  or  higher  after  the  cnrrent 
bus  ceased,  than  it  was  at  first. 

Thus,  for  example,  with  a  pressure  of  *5  grm.  at  the  point  of 
contact,  the  resistance  measured  with  a  current  of  one  or  two  mil- 
liamperes  was  found  to  be  10*5  ohms.  A  current  of  *15  ampere  was 
then  passed  through  the  carbons  for  10  seconds  ;  and  on  again  testing 
with  the  weak  current,  the  resistance  was  found  to  haye  fallen  to  58 
ohms.  With  a  pressure  of  2*5  grms.,  the  same  current  reduced  the 
resistance  from  ^'Q  to  4*3  ohms.  With  5  grms.,  the  resistance  was 
permanently  reduced  from  4*7  to  3*4  ohms;  and  with  25  grms. 
from  2*4  to  20  ohms.  All  these  effects  were  produced  by  a  current 
of  '15  ampere.  Stronger  currents  (up  to  a  certain  point)  effect 
greater  reductions. 


Table  VIII. 


Pressure. 

Grms. 
•05 
1 

15 
2 
3 
4 
5 

1 

1*5 

2 

3 

4 

5 


Smallest  current 

with  which 

rise  occurred. 

Ampere. 

•02 


05 
10 
19 
17 
29 
37 
40 
43 
47 
57 
51 
63 


But  when  the  proportion  of  the  current  strength  to  the  pressure- 
exceeds  a  certain  limit,  the  effect  of  the  current  is  apparently  to  pro- 
duce a  permanent  increase  in  the  resistance,  and  this  increase  is- 
generally  yery  considerable.  The  carbon  contacts,  a  tangent  galvano- 
ineter,  a  box  of  resistance  coils,  and  a  battery  of  ten  Leclanch6  cella 
tre  connected  in  simple  circuit,  and  the  strength  of  the  current 
gradually  increased  by  plugging  out  resistance  in  the  box.     As  the 
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current  increases,  the  deflection  of  the  galTanometer  needle  hecomes 
greater  until  a  certain  strength  is  attained,  when  the  galvanometer 
needle  suddenly  goes  back,  and  comes  to  rest  almost  or  exactly  at 
2ero.  The  lighter  the  pressure  the  smaller  the  current  necessary  to 
produce  this  effect.  Table  YIII  gives  the  currents  with  which  the 
rise  occurred,  the  pressure  at  the  points  of  contact  varying  from  *05 
grm.  to  5  grms. 

Attempts  were  made  to  measure  the  high  resistance  with  a  Wheat- 
stone's  bridge  and  a  small  current,  and  this  brought  to  light  the 
•curious  fact  that  the  resistance  in  question  is  generally  very  much 
lower  for  weak  than  for  strong  currents.  Thus  it  may  happen  that 
while  the  moment  before  measurement  the  resistance  may  be  sensibly 
infinite,  the  very  act  of  measurement  reduces  it  to  a  few  hundred 
ohms. 

This  paradoxical  effect  is  best  shown  by  the  special  arrangement 
indicated  in  fig.  5. 


G  is  the  tangent  galvanometer,  S  the  carbon  balance  in  the  scale- 
pan  of  which  is  a  weight  of  1  grm.  When  key  1  is  depressed  the 
<;arrent  from  eight  Leclanche  cells  passes  through  the  galvanometer 
and  the  carbons.  The  immediate  effect  is  a  deflection  of  (in  the  case 
of  my  galvanometer)  about  75°.  Almost  instantly,  however,  the 
needle  returns  to  zero,  and  key  1  may  now  be  raised  and  depressed 
without  producing  the  slightest  movement  of  the  needle.  If,  how- 
over,  key  2  is  depressed  the  current  from  a  single  cell  will  pass 
through  the  galvanometer  and  the  carbons,  and  this  will  generally 
produce  a  small  deflection  of  from  2""  to  10''.  But  if  key  1  is  onoe 
more  depressed  the  needle  again  altogether  fails  to  move.  The 
resistance  at  S  is  therefore  of  a  very  peculiar  nature,  being  more 
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easily  overcome  bj  a  small  electromotive  force  than  by  a  bigb  one. 
Thongb  the  experiment  as  thns  described  is  generally  successful,  it 
occasionally  happens  that  the  single  cell  fails  equally  with  the  larger 
battery  to  overcome  the  resistance. 

For    a  systematic  investigation   of   the   last-mentioned  group  of 
phenomena  the  apparatus  was  arranged  as  shown  in  fig.  6. 


It  is  essentially  a  Wheatstone's  bridge  arrangement,  the  propor- 
tional coils  used  being  1  and  1,000  ohms.  A  tangent  galvano- 
meter of  '9  ohm  resistance  is  inserted  in  the  same  arm  as  the  carbon 
balance,  and  a  box  of  resistance  coils  B  is  placed  between  the  battery 
(which  consists  of  eight  or  ten  Leclanch6  cells)  and  the  bridge.  The 
arrangement  admits  of  the  measurement  of  the  resistance  of  the 
carbon  when  traversed  by  strong  currents,  the  strength  of  which  can 
be  regulated  by  the  resistance  box  B,  and  measured  by  the  tangent 
galvanometer  G.  A  given  weight  being  in  the  scale-pan,  known 
cnrrents  of  gradually  increasing  strength  were  passed  through  the 
carbon.  The  resistance  was  measured,  Ist,  while  the  known  current 
was  passing ;  2nd,  with  a  very  small  current  obtained  by  unplugging 
10,000  ohms  in  the  resistance  box.  As  the  currents  increased  in 
strength,  the  resistance  measured  with  the  very  small  current  gra- 
dually diminished  until  a  point  was  reached — and  the  lighter  the 
weight  the  sooner  this  was  the  case — ^at  which  the  resistance  sud- 
denly became  infinity.  The  measurements  are  given  in  Table  IX,  the 
cnrrents  varying  from  '01  to  '7  ampere,  and  the  pressures  from 
'05  grm.  to  5  grms. 
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Table  IX. 

Bi=Besistance  witii  current  in  first  oolomn  of  table. 
B2=Besi8tajice  with  veiy  weak  current. 


Current. 
Ampere. 

1 
1 

Pressure. 

•05 

frm. 

•5  grin. 

2  -6  grms. 

El. 

R,. 

Bi. 

Bs. 

B,. 

R,. 

Bi. 

R,. 

•01 

38 

62 

10-2 

10-8 

4-8 

4-8 

2-60 

2-6 

•06 

21 

38 

9-7 

10  1 

4-6 

4-7 

2  &1 

2-6 

•1 

Inf. 

8  1 

9-3 

4-4 

4-7 

2-37 

2-5 

•2 

6-3 

8-4 

4  0 

4-5 

2-23 

2-4 

•3 

Inf. 

3-7 

4-3 

2  11 

2-8 

•4 

3-6 

4-2 

2  01 

2-3 

•6 

, . 

Inf. 

, , 

1-95 

2-2 

•6 

, , 

1-90 

2-2 

•7 

•• 

•• 

•• 

Inf. 

•• 

10.  Experiments  with  Metallic  Contacts, 

For  the  sake  of  comparison  a  few  experiments  were  made  witb 
metals.  Metallic  loose  contacts  were  foand  to  be  even  more  uncertain 
in  their  action  than  those  of  carbon,  and  to  obtain  a  really  tsar 
average  of  results  a  very  great  number  of  measurements  would  be 
required.  Under  precisely  the  same  conditions  as  nearly  as  they 
could  be  reproduced,  the  results  obtained  were  frequently  very 
difEcrent.  Nevertheless  it  has  been  possible  to  bring  out  with  suffi- 
cient distinctness  some  remarkable  peculiarities  in  the  behaviour  of 
metallic  contacts. 

The  metal  principally  used  was  bismuth,  which  was  selected  on 
account  of  its  high  specific  resistance ;  but  a  few  experiments  were 
also  made  with  copper  and  platinum.  The  cylinders  of  bismuth  and 
copper  were  nearly  the  same  diameter  as  those  of  the  carbon  pre- 
viously used — 6  millims.  The  platinum  was  prepared  by  soldering 
wires  of  that  metal  upon  cylinders  of  brass.  The  balance  already 
described  and  shown  at  fig.  1  was  used  in  the  same  manner  as  before. 

11.  Permanent  Fall  of  Resistance  caused  by  Current, 

The  first  unexpected  phenomenon  which  attracted  notice  in  working 
with  bismuth  was  the  very  great  permanent  fall  in  the  resistance 
which  was  produced  by  an  ordinary  current  with  light  pressures. 
Using  a  single  Leclanch^  cell,  the  lightest  contact — the  pressure  being 
certainly  less  than  '01  grm. — failed  to  give  a  higher  resistance  than 
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9  ohms ;  but  with  400  ohms  inserted  between  the  battery  and  bridge, 
«  preesnre  of  *3o  grm.  gave  a  resistance  whioh  on  different  occasions 
▼aned  between  73  and  110  ohms.  When  once,  however,  the  resist- 
ance has  been  rednced  bj  a  strong  current,  the  changes  which  oocnr 
when  feeUer  cnrrents  are  used  are  comparatively  small — nnless,  of 
eonrse,  the  points  of  contact  are  first  separated.  Of  the  nature  of 
sach  changes  I  shall  say  more  presently.  The  following  table  gives  a 
few  measorements,  nsing  one  Leclanch^  cell :  (1)  with  a  resistance  of 
300  ohms  between  the  cell  and  the  bridge ;  (2)  withoat  the  300  ohms. 
It  will  be  understood  that  the  bismnth  cylinders  were  separated  irom 
each  other  every  time  the  weights  were  changed.  The  effect  in  ques- 
tion is  most  marked  with  small  pressures ;  with  comparatively  high 
pressures  it  quite  disappears. 

Table  X. 

Besistance  of  bismuth  contacts 


Preesure.                          ^ith  300  ohms  when  the  800 

between  battery  ohms  is 

and  bridge.  remored. 

Grms.                                     Ohms.  Ohms. 

•5        60            1-9 

2-5        37-2        1-4 

5            5-4        17 

7-5        7  7        2 

10            -8        -8 

15            -6        -5 

25            14      14 

12.  Adhesion  of  Contacts  due  to  CurreiU. 

This  phenomenon  is  accompanied  by  another.  After  the  passage 
of  the  current  which  has  caused  the  resistance  to  be  so  remarkably 
diminished,  the  bismuth  cylinders  are  found  to  adhere  to  each  other,  a 
quite  appreciable  force  being  necessary  to  separate  them.  This  effect, 
which  IB  common  to  all  metals,  has  been  thoroughly  investigated  by 
Mr.  Stroh,  a  description  of  whose  experiments  is  given  in  the  '*  Journal 
of  the  Society  of  Telegraph  Engineers,"  vol.  xix,  page  182.  I  shall, 
^lerefore,  say  nothing  more  about  it,  except  that  I  have  succeeded  in 
causing  two  pieces  of  very  thin  platinum  wire  to  stick  to  each  other 
with  a  current  of  about  a  milliampere.  Mr.  Stroh  attributes  the 
oSdct  to  fusion. 

13.  Effect  of  Variation  of  Current  after  a  strong  Current  has  passed 
through  the  Contact, 

A  third  i^parent  anomaly  is  the  following :  a  smaU  weight  being  in 
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the  scale-pan,  let  a  weak  current  be  caused  to  pass  through  the  points 
of  contact;  the  resistance  will  be  found  to  be  high.  Let  a  strongs 
current  be  passed,  and  the  resistance  will  be  greatly  diminished. 
Once  more  let  the  current  be  reduced  to  its  original  strength ;  the 
resistance  will  not  rise  to  its  original  value ;  it  will  not,  in  fact,  rise  at 
all;  it  will  be  still , further  diminished.  The  following  table  gives 
examples  of  this  experiment  with  pressures  of  '5,  1,  and  5  grms. 

Table  XI. 


Current. 
Ampere. 

1 
BeeistaDoe  of  bismuth  contacts  with 
pressure  of 

•6  grm. 

1  grm. 

5  grms. 

•01 

•6 

•01 

•5 

•01 

8 

1-27 

1-22 

1-27 

1-22 

2  12 
1-27 
1-21 
1-26 
1-21 

1-50 
1-22 
1-22 
1-22 
1-22 

In  the  last  case  there  is  no  change  after  the  first  fall  of  resistance. 
Table  XII  further  illustrates  the  effect  with  greater  variations  of 
current  and  of  weight,  but  in  the  experiments  to  which  it  relates  the 
strongest  current  was  used  first.  As  before,  the  bismuth  cylinders 
were  separated  only  when  the  weights  were  changed. 

Table  XII. — Experiments  with  Clean  Bismuth. 


Current. 
Ampere. 

Beeistance  of  contacts  with  pressure 

1 

1 

1 

'25  grm. 

•36  grm. 

•5  grm. 

1  grm. 

2  grms. 

•5 

1-52 

139 

155 

133 

1-35 

•3 

1-40 

135 

149 

1-30 

133 

•1 

1-37 

133 

145 

1-28 

1-32 

•05 

1-35 

1-33 

1-44 

1-28 

132 

•01 

lis 

132 

141 

128 

1-32 

•05 

1-55 

1-33 

1-46              1-29 

132 

•1 

1-72 

1-34 

147       ;       129 

1-33 

•3 

179 

1-39 

1-55       1       131 

134 

•5 

1-49 

1-43 

1-61       1       1  33 

1-36 

In  order  that  this  experiment  may  be  successful,  it  is  necessary  that 
the  surfaces  in  contact  should  be  absolutely  clean.  Unless  they  are 
scraped  immediately  before  the  measurements  are  made,  the  opposite 
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effect  may  resnlt:  that  is  (after  the  first  great  fall  of  resistance), 
diminished  enrrent  may  prodace  increased  resistance.  Table  XIII 
gives  the  measurements,  with  the  same  currents  as  before,  when  the 
bismuth  was  first  mbbed  with  the  finger,  instead  of  being  scraped  as 
had  been  done  in  the  previons  experiments. 

Table  XIII. — Experiments  after  Rubbing  the  Bismuth  with  the 

Finger. 


Besistance  of  contact  with  pressure  of 

Current. 
Ampere. 

'35grm. 

*5  gnn. 

1  grm. 

•5 

1-30 

1-30 

1-22 

•3 

1-75 

1-46 

1-28 

•1 

1-92 

1-69 

1-29 

05 

1-83 

1-92 

1-29 

•01 

1-95 

2-29 

1-29 

•05 

1-89 

2-07 

1-28 

•1 

1-87 

1-98 

1-28 

•3 

1-77 

1-72 

1-27 

•6 

1-46 

l-4o 

1-27 

I  think  these  effects  admit  of  a  simple  explanation.  When  the 
snr&ices  of  the  bismuth  are  clean,  contact  takes  place  entirely  through 
the  metal.  The  current  heats  the  metal  at  the  points  of  contact  to  an 
extent  which  depends  upon  the  enrrent  strength  ;  and  the  resistance, 
in  accordance  with  the  general  law,  increases  with  the  temperature : 
strong  currents  will,  therefore,  give  higher  resistance  than  weak  ones. 
When,  on  the  other  hand,  the  surface  is  not  clean,  a  film  of  oxide  or 
some  foreign  substance  is  interposed,  the  resistance  of  which,  like  that 
of  carbon,  is  higher  with  a  weak  current  than  with  a  strong  one. 

It  is  probable  that  similar  effects  occur  with  metals  of  lower  specific 
resistance  than  that  of  bismuth  ;  but  their  observation  is  very  difB- 
cnlt,  and  requires  more  delicate  apparatus  than  that  at  my  disposal. 
Thus,  of  forty  measurements  made  with  platinum  contacts,  nineteen 
results  were  favourable  to  the  theory,  ten  adverse  to  it,  and  eleven 
neutral.    With  copper  the  indications  were  even  more  uncertain. 

14  Effects  on  Resistance  of  Varying  Fressiire  with  Constant  Cwrent, 

The  resistance  of  bismuth  contacts  at  various  pressures  was 
meaBured  with  fixed  currents  of  '1,  '01,  and  '001  ampere,  the  method 
DBed  being  the  same  as  in  the  case  of  carbon.  The  mean  of  several 
series  of  such  measurements  is  given  in  Table  XIV,  which  reveals  the 
existence  of  a  more  or  less  definite  law,  though  the  results  of  the 
experiments  did  not  agree  very  closely  among  themselves. 
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Table  XTV. — Effect  of  Pressare  tipon  Besistanoe  of  Bismuth  Contacts 
with  Constant  Currents. 


Besistanoe  of  contacts  vith  current  of 

Pressure. 
^      Grms. 

•1  ampere. 

*01  ampere. 

-001  ampere. 

•05 

6 

20-82 

182 

•1 

2 

16-92 

143-3 

•16 

2  6 

14-60 

97-8 

•2 

3-9 

12-60 

46 

•26 

2^6 

10  06 

41-6 

•8 

2-4 

6-35 

16-9 

•35 

2-1 

4-12 

21-6 

•4 

1-9 

2  37 

30-6 

•45 

16 

1-60 

18-3 

•6 

1-45 

1-47 

3-8 

1 

•95 

135 

1-6 

•86 

•70 

2 

•90 

•62 

2-6 

•70 

•30 

3 

•60 

•16 

3  6 

•66 

•07 

4 

•36 

.      ^06 

4-6 

•25 

6 

•15 

15.  Permanent  BeducbUm  of  Resistance  due  to  Pressure. 

Repeating  with  bismuth  the  experiments  already  described  in  the 
case  of  carbon,  it  was  clear  that  the  diminntion  of  resistance  efEecied 
by  pressure  is  generally  of  a  permanent  nature,  continuing  to  a 
great  extent  after  the  pressure  has  been  removed  (so  long  as  the 
points  of  contact  remain  undisturbed),  and  thus  reversing  the  case 
of  carbon.  With  strong  currents  the  variations  of  resistance  were 
so  uncertain  and  irregular  that  accurate  measurements  were  impossible ; 
but  with  a  resistance  of  300  ohms  between  the  battery  and  the  bridge 
the  effect  is  very  clearly  marked.  The  results  of  the  experiments 
thus  made  are  tabulated  below. 

Table  XV. 


Pressure. 

Besistanoe  of  bismuth  contacts. 

Olims. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

Ohms. 

•6 
3 
•5 

10-9 
13 
15 

87  5 
1-7 
1-7 

16-3 
•6 
•6 

14-6 

I 
4  6 

25  5 
11 
5-6 

62 
1^8 
16 
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Tke  poiivtd  of  eoniaot  were,  of  coarse,  changed  for  each  series  of 
observatdoDB,  and  it  should  be  noted  that  in  the  case  of  the  last  three 
(which  were  not  made  on  the  same  day  as  the  others)  I  was  less 
sneceasfnl  in  arranging  the  lerer  so  as  to  seonre  perfect  freedom  firom 
oscillation  when  the  weight  was  changed. 

16.  Summary. 

The  following  appear  to  be  the  most  important  resnlts  of  the 
investigation. 

(1.)  Carbon  Contacts^ 

Changes  of  pressure  produce  proportionately  greater  changes  of 
resistance  when  the  initial  pressure  is  small  than  when  it  is  great 

Changes  of  pressure  produce  proportionately  greater  changes  of 
r^istance  with  weak  currents  than  with  strong  currents. 

Changes  of  current  produce  proportionately  greater  changes  of 
resistance  with  small  currents  than  with  large  currents;  and  with 
Kght  pressures  than  with  heavy  pressures. 

When  the  resistance  of  a  carbon  contact  has  been  reduced  by  an 
increase  of  pressure,  it  will,  on  the  removal  of  the  added  pressuj^e,  rise 
to  approximately  its  original  value. 

The  passage  of  a  current  whose  strength  does  not  exceed  a  certain 
Hmit,  depending  upon  the  pressure,  causes  a  permanent  diminution 
in  the  resistance,  and  the  stronger  the  current  the  greater  will  be 
Euch  diminution. 

When  the  strength  of  the  current  exceeds  a  certain  limit  the 
reastance  is  greatly  and  permanently  increased.  The  greater  the 
pressure  the  higher  will  be  such  limit. 

Unless  special  means  are  adopted  for  preserving  a  constant  current, 
the  fall  in  the  resistance  which  attends  increased  pressure  is  greater 
than  that  which  is  due  to  increased  pressure  alone ;  being  partly  due 
also  to  increased  strength  of  current. 

It  is  not  proved  that  the  diminished  resistance  which  follows  an 
increase  of  current  is  an  effect  of  temperature^ 

(2.)  Metallic  Contacts, 

In  the  case  of  bismuth  and  probably  of  other  metals — 

With  a  given  pressure  the  weaker  the  current  the  higher  will  be 
the  resistance.     This  effect  is  most  marked  when  the  pressure  is  small. 

Increase  in  the  strength  of  the  current  is  accompanied  by  a  fall  in 
the  resistance,  and  if  the  current  be  again  reduced  to  its  original 
strength,  the  resulting  change  in  the  resistance  will  be  small,  and  it 
will  in  no  case  return  to  its  original  value. 

Diminution  in  the  strength  of  the  current  is  followed  by  a  small 

f  OL.  XXXV.  C 
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fall  in  the  resistance  if  the  metal  is  clean,  and  by  a  small  rise  in  the 
resistance  if  the  metal  is  not  clean. 

Increased  pressure  produces  a  greater  fall  in  the  resistance  with 
small  pressures  than  with  great  pressures,  and  with  weak  cnrrents 
than  with  strong  currents. 

The  resistance  after  having  been  reduced  by  increased  pressure  does 
not  return  to  its  original  valoe  when  the  added  pressure  ia  removed. 

17.  Reasons  for  the  Superiority  of  Carbon  over  Metal  in  the  Microphone. 

The  above  observations  may,  perhaps,  throw  some  light  on  a  matter 
which  has  never  hitherto  been  fully  explained.  Why  does  carbon 
give  far  better  results  than  any  metal  when  used  in  the  microphone  ? 
It  seems  to  me  that  this  question  may  be  answered  withont  mnch 
difficulty.  The  mere  fact  that  a  current  causes  delicately  adjusted 
metal  contacts  to  adhere  to  each  other  is  sufficient  to  account  for  the 
superior  efficiency  of  carbon.  A  metal  microphone  might,  indeed,  be 
used  to  transmit  the  pitch  of  a  sound,  provided  that  its  vibrations 
were  sufficiently  powerful  to  cause  actual  separation  of  the  points  of 
contact.  The  fundamental  tone  might,  in  this  way,  be  conveyed,  but 
it  is  clear  that  the  minute  superimposed  vibrations,  due  to  the  npper 
partials,  upon  which  depends  the  distinctive  character  of  a  particular 
sound,  would  be  yerj  imperfectly  represented  if  not  entirely  lost. 

In  addition  to  this  phenomenon  .of  adhesion,  and  probably  connected 
with  it,  are  the  facts  that  metallic  contacts,  unlike  those  of  carbon, 
do  not  even  approximately  recover  their  original  resistance  when  once 
it  has  been  reduced  by  increased  pressure. or  increased  current,  unless, 
indeed,  complete  separation  occurs :  and  even  the  initial  effect  of 
pressure  upon  resistance  is  (except  with  very  weak  currents),  in 
general,  much  more  marked  with  carbon  than  with  metals. 

Lastly^  it  is  to  be  noticed  that  in  the  case  of  carbon,  pressure  and 
current  act  in  consonance  with  each  other :  pressure  diminishes  the 
resistance,  and  in  so  doing  increases  the  strength  of  the  current ;  and 
the  current  thus  strengthened  effects  a  further  diminution  in  the 
resistance.  In  the  case  of  metals,  on  the  other  hand  (or  at  least  in 
the  case  of  clean  bismuth)  pressure  and  current  tend  to  produce 
opposite  effects.  The  resistance  is  diminished  by  pressure  and  the 
current  consequently  strengthened,  but  by  treason  of  the  increased 
strength  of  current,  the  resistance  is  'higher  than  it  would  have 
been  if  the  current  had  remained  unchanged.  The  effect  of  this 
antagonism  is  not  very  great,  but  rt  seems  to  give  a  material  advantage 
to  carbon.* 

•  In  April,  1882, 1  ■oomtmimcated  this  observation  to  Mr.  Preece,  who  refemA 
to  it  in  a  paper,  read  at  the  Southampton  Meeting  of  the  British  Aasociation  on 
"  Beoent  Progress  in  Telephony." 
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11.  "  On  the  Affinities  of  Thylacoleo.**    By  Professor  Owen,  C.B., 
F  JLS.,  &c    Received  January  25,  1883. 

(Abstract.) 

Since  the  commimication  of  the  paper  **  On  Thjlacoleo,"  in  the 
**  Philosophical  TraDsaetions "  for  1871,  further  explorations  of  the 
caves  and  breccia-fissures  in  Wellington  Valley,  New  South  Wales, 
have  been  made,  by  a  grant  for  that  purpose  from  the  Legislature  of 
thie  Colony,  and  carried  out  by  B.  B.  Ramsay,  Esq.,  F.L.S.,  Curator 
of  the  Museum  of  Natural  History,  Sydney.  The  present  paper  treats 
of  the  fossils  contributing  to  the  further  restoration  of  the  great  car- 
nivorous Marsapial  (Thylacoleo  camifeXy  Ow.).  They  exemplify  the 
entire  dentition  in  situ  of  the  upper  and  lower  jaws  of  a  mature  indi- 
vidual :  the  bones  of  the  fore-limb,  of  which  those  of  the  antibrachium 
and  the  ungual  phalanges  are  descnbed,  are  compared  with  those  of 
other  Marsupials,  and  of  placental,  especially  feline,  Carnivora.  An 
entire  lower  jaw  with  the  articular  condyles  adds  to  the  grounds  for 
determination  of  the  habits  and  affinities  of  the  extinct  Marsupial. 

Figures  of  these  fossils  of  the  natural  size  accompany  the  paper. 


in.  **  Preliminary  Note  on  a  Theory  of  Magnetism  based  upon 
New  Experimental  Researches."  By  Professor  D.  E. 
Hughes,  F.R.S.    Received  January  27,  1883. 

Li  the  year  1879*  I  communicated  to  the  Royal  Society  a  paper 
**0n  an  Induction  Currents  Balance  and  Experimental  Researches 
made  therewith."  I  continued  my  researches  into  the  molecular 
construction  of  metallic  bodies,  and  communicated  the  results  then 
obtained  in  three  separate  papersf   bearing  upon  molecular  mag- 


To  inyestigate  the  molecular  construction  of  magnets  required  again 
special  forms  of  apparatus,  and  I  have  since  been  engaged  upon  these, 
And  the  researches  which  they  have  enabled  me  to  follow. 

From  numerous  researches  I  have  gradually  formed  a  theory  of 
nuignetism  entirely  based  upon  experimental  results,  and  these  have 
led  me  to  the  following  conclusions : — 

1.  That  each  molecule  of  a  piece  of  iron,  steel,  or  other  magnetic 
Btetal  is  a  separate  and  independent  magnet,  having  its  two  poles  and 
distribution  of  magnetic  polarity  exactly  the  same  as  its  total  evident 
magnetism  when  noticed  upon  a  steel  bar-magnet. 

•  «*Proc.  Boy.  See.,"  vol,  29,  p.  66, 1879. 

t  "  Ppoc.  Boy.  Soo.,"  vol.  31,  p.  625  ;  vol.  82,  pp.  26,  213, 1881. 

Digitized  by  LjOOQIC 


20      Prof.  D.  E.  Hughes,     (hi  a  Theory  of  Magnetism.     [Feb.  1, 

2.  That  each  molecule,  or  ita  polarity,  can  be  rotated  in  either 
direction  upon  its  axis  by  torsion,  stress,  or  by  physical  forces  snch  as 
magnetism  and  electricity. 

3.  That  the  inherent  polarity  or  magnetism  of  each  molecule  is  a 
constant  quantity  like  gravity ;  that  it  ean  neither  be  augmented  nor 
destroyed. 

4.  That  when  we  have  external  neutrality^  or  no  apparent  mag- 
netism, the  molecules,  or  their  polarities,  arrange  themselyes  so  as  to 
satisfy  their  mutual  attraction  by  the  shortest  path,  and  thos  form  a 
complete  closed  circuit  of  attraction. 

5.  That  when  magnetism  becomes  evident,  the  molecules  or  their 
polarities  have  all  rotated  symmetrically  in  a  given  direction,  producing 
a  north  pole  if  rotated  in  this  direction  as  regards  the  piece  of  steel, 
or  a  south  pole  if  rotated  in  the  opposite  direction.  Also,  that  in 
evident  magnetism,  we  have  still  a  s^metrical  arrangement,  but  one 
whose  circles  of  attraction  are  not  completed  except  through  an 
external  armature  joining  both  poles. 

The  experimental  evidences  of  the  above  theory  are  extremely 
numerous,  and  appear  so  conclusive,  that  I  have  ventured  upon 
formulating  the  results  in  the  above  theory. 

I  hope  in  a  few  weeks  to  bring  before  the  Boyal  Society  the  experi- 
mental evidence  which  has  led  me  to  the  conclusions  I  have  named ; 
conclusions  which  have  not  been  arrived  at  hastily,  but  from  a  long 
series  of  research  upon  the  molecular  construction  of  magnetism  now 
extending  over  several  years. 
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February  8, 1883. 

THE  PRESIDEirr  in  the  Chair. 

The  PreeeBiB  reoeiTed  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  following  Paper  were  read : — 

"Note  on  Terrestrial  Radiation."    By  JOHN  Tynball,  F.R.S. 
Received  February  5,  1883. 

On  Hind  Head,  a  fine  moorland  platean  about  three  miles  from 
HasleBMre,  with  an  elevation  of  900  feet  above  the  sea,  I  have 
recently  erected  a  small  iron  hat,  which  forms,  not  only  a  plaoe  of 
rest,  bat  an  extremely  suitable  station  for  meteorological  observations. 
Here,  since  the  beginning  of  last  November,  I  have  continaed  to  record 
from  time  to  time  the  temperature  of  the  earth's  sur£ftoe  as  compared 
with  ^t  of  the  air  above  the  surface.  My  object  was  to  apply,  if  pos- 
sible^ the  results  which  my  experiments  had  established  regarding  the 
action  of  aqueous  vapour  upon  radiant  heat. 

Two  stout  poles  about  6  feet  high  were  firmly  fixed  in  the  earth 
8  feet  asunder.  From  one  pole  to  the  other  was  stretched  a  string, 
from  the  centre  of  which  the  air  thermometer  was  suspended.  Its 
bulb  was  4  feet  above  the  earth.  The  surface  thermometer  was 
placed  upon  a  layer  of  cotton  wool,  on  a  spot  cleared  of  heather, 
which  thickly  covered  the  rest  of  the  ground.  The  outlook  from  the 
thermometers  wsa  free  and  extensive ;  with  the  exception  of  the  iron 
hmt  just  referred  to^  there  was  no  house  near,  the  hut  being  about 
M  jards  distant  from  the  thermometers. 

On  November  11th,  at  5.45  p.m.,  these  were  placed  in  position,  and 
obsa*?  ed  from  time  to  time  afterwards.     Here  are  the  res  alts : — 

6        p.M Air36^Fahr Wool  26**  Pahr. 

aiO     „      „  36  „     25 

9.15     „      „  36  „    25 

air  Inmost  dead  calm,  sky  clear,  and  stars  shining. 
November  12th,  the  wind  had  veered  to  the  east,  and  was  rather 

strong.    The  thermometers^  exposed  at  5  p.m.,  yielded  the  following 

resoits: — 

5.15p.m. Air38^    Wool  38* 

5.45    „     „  38      „    34 

6.45    „     »»  38      „    35 

»         f  1     »»  39      •         ,,     3d 
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During  the  first  and  last  of  these  observations  the  sky  t^ss  entirely 
overcast,  during  the  other  two  a  few  stars  were  dimly  visible. 

On  November  13th,  25th,  and  26fch,  observations  were  ah*o  made, 
but  they  presented  nothing  remarkable. 

It  was  otherwise,  however,  on  December  lOtk  On  the  morning  of 
that  day  the  temperature  was  very  low,  snow  a  foot  deep  covered  the 
heather,  while  there  was  a  very  light  movement  of  the  air  from  the 
north-east.  Assuming  aqueous  vapour  to  play  the  part  that  I  have 
ascribed  to  it,  the  conditions  were  exactly  such  as  would  entitle  us  on  a 
priori  grounds  to  expect  a  considerable  waste  of  the  earth's  heat.  At 
8.5  A.M.  the  thermometers  were  placed  in  position,  having  left  the  hut 
at  a  common  temperature  of  35°.  The  cotton  wool  on  which  the 
surface  thermometer  was  laid  was  of  the  same  temperature.  A  single 
minute's  exposure  sufficed  to  establish  a  difference  of  5°  between  the 
two  thermometers.     The  following  observations  were  then  made  : — 

8.10  A.M Air  29**     Wool  16^ 

8.15    „    „    29      „     12 

Thus,  in  ten  minutes,  a  difference  of  no  less  than  17°  had  established 
itself  between  the  two  thermometers. 

Up  to  this  time  the  sun  was  invisible :  a  dense  dark  cloud,  resting 
on  the  opposite  ridge  of  Blackdown,  virtually  retarded  his  rising. 

8.20  A.M. Air  27"  Wool  12° 

8.30    „     „    26  „      11 

8.40    „     „    26  „      10 

8.45    „     „    27  „      11 

8.50    „     „    29  „      11 

During  the  last  two  observations,  the  newly  risen  sun  shone  upon 
the  air  thermometer.  As  the  day  advanced  the  difference  between  air 
and  wool  became  gradually  less.  From  18°  at  8.50  A.M.,  it  had  sunk 
at  9.25  to  15°,  at  9.50  to  13°,  while  at  10.25,  the  sun  being  unclonded 
at  the  time,  the  difference  was  11° ;  the  air  at  that  hoar  being  3r 
and  the  wool  20°. 

In  the  celebrated  experiments  of  Patrick  Wilson,  the  greatest 
difference  observed  between  a  surface  of  snow  and  the  air  2  feet 
above  the  snow,  was  16°;  while  the  greatest  difference  noticed  by 
Wells  during  his  long  continued  observations,  fell  short  of  this 
amount.  Had  Wilson  employed  swandown  or  cotton  wool,  and  had 
he  placed  his  thermometer  4  feet  instead  of  2  feet  above  the  surface,  his 
difference  would  probably  have  surpassed  mine,  for  his  temperatures 
were  much  lower  than  those  observed  by  me.  There  is,  however, 
considerable  similarity  in  the  conditions  under  -which  we  operated. 
Snow  in  both  cases  was  on  the  ground,  and  with  him,  there  was  » 
light  movement  of  the  air  from  the  east,  while  with  me  the  motion 
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was  from  the  north-east.  The  great  differences  of  temperature  be- 
tween earth  and  air  which  both  his  observations  and  mine  reveal,  are 
due  to  a  common  canse,  namely,  the  withdrawal  of  the  check  to 
terrestrial  radiation  which  is  imposed  by  the  presence  of  aqueous 
vapour. 

Let  us  now  compare  these  results  with  others  obtained  at  a  time  of 
extreme  atmospheric  serenity,  when  the  air  was  almost  a  dead  calm, 
md  the  sky  without  a  cloud.  Ai  3.30  p.m.,  January  16th,  the 
thermometers  were  placed  in  position,  and  observed  afterwards  with 
the  following  results : — 

8.40  p.M Air  43**     Wool  37° 

3.50  „  „  42      „  35 

4  „  „  41      „  35. 

4.15  „  „  40      „  34 

4.30  „  ,  38      „  32 

5  „  n  37      „  28 

5.30  „  „  37      „  30 

6  „  „  36      „  82 

These  observations,  and  especially  the  last  of  them,  merit  oar 
attention.  There  was  no  visible  impediment  to  terrestrial  radiation. 
The  sky  was  extremely  clear,  the  moon  was  shining,  Orion,  the 
Pleiades,  Charles'  Wain,  including  the  small  companion  star  at  the 
bend  of  the  shaft,  the  north  star,  and  many  others,  were  clearly 
visible.  On  no  previous  occasion  during  these  observations  had  I 
seen  the  firmament  purer ;  and  still,  under  these  favourable  conditions, 
the  difference  between  air  and  wool  at  6  p.m.  was  only  4°,  or  less  than 
one-fourth  of  that  observed  on  the  morning  of  the  10th  of  December. 

We  have  here,  I  submit,  a  very  striking  illustration  of  the  action  of 
that  invisible  constituent  of  the  atmosphere,  to  the  inflaence  of  which 
I  drew  attention  more  than  twenty-two  years  ago.  On  the  10th  of 
December  the  wind  was  light  from  the  north-east,  with  a  low  tem- 
perature. On  the  l6th  of  January  it  was  very  light  from  the  south- 
west, with  a  higher  temperature.  The  one  was  a  dry  air,  the  other 
was  a  humid  air ;  the  latter,  therefore,  though  of  great  optical  trans- 
parency, proved  competent  to  arrest  the  invisible  heat  of  the  earth. 

The  variations  in  the  temperatures  of  the  wool  recorded  in  the  last 
column  of  figures  are,  moreover,  not  without  a  cause.  The  advance  of 
temperature  from  2S°  at  5  p.m.  to  32°  at  6  p.m.,  is  not  to  be  accounted* 
for  by  any  visible  change  in  the  atmosphere,  or  by  any  alteration  in 
the  motion  of  the  air.  The  advance  was  due  to  the  intrusion  at  6  p.m. 
of  an  invisible  screen  between  the  earth  and  firmament. 

Ab  the  night  advanced,  the  serenity  of  the  air,  became,  if  possible, 
more  perfect,  and  the  observations  were  continued  with  the  following 
results : — 
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6.30  PJi Air  36**    Wool  31  ^^ 

7        .    „   36      ,.     28 

28 
26 


7-30  ^  3H 

8  u  »>   35 

8.30  „  „   84 

9  >»  i>   3^ 

10  „  „   35 


25 
27 
28 


10.80    „    „    85     „     29 

After  this  last  observation,  my  notes  contain  the  remark,  "Atmo- 
sphere exquisitely  clear.    From  zenith  to  horizon  clondless  all  round.*' 

Here,  again,  the  difference  of  .4°  between  the  temperature  of  the 
wool  at  8.30  P.M.,  and  its  temperature  at  10.30  p.m.,  is  not  to  be 
referred  to  any  sensible  chang<e  in  the  condition  of  the  atmosphere. 

The  observutions  were  continued  on  January  17th,  23rd,  24th,  25tb, 
and  30th ;  but  I  will  confine  myself  to  the  results  obtained  on  the 
evening  of  the  day  last  mentioned.  The  thermometers  were  ex- 
posed at  6.45  P.M.,  and  by  aid  of  a  lamp  read  off  from  time  to  time 
afterwards. 

7.15P.M Air32^    Wool2ff' 

8        „    „    31      „    26 

9.30  „     „    31      „    27 

During  these  observations  the  atmosphere  was  very  serene.  There 
was  no  moon,  but  the  firmament  was  powdered  with  stars.  The 
serenity,  however,  had  been  preceded  by  heavy  rain,  which  doubtless 
had  left  the  atmosphere  charged  with  aqueous  vapour.  The  movement 
of  the  air  was  from  the  south-west  and  light.  Here  again,  with  an 
atmosphere  at  least  as  clear  as  that  on  December  10th,  the  difierenoe 
betweeu  air  and  wool  did  not  amount  to  one-fourth  of  that  observed 
on  the  latter  occasion. 

The  results  obtained  on  February  3rd  were  corroborative.  The 
thermometers  were  exposed  at  6.15  p.m. 

7.15  p.m Air  34**    Wool  28^ 

8.26   „     „    34      „  30 

Here  again,  the  difference  between  air  and  wool  is  only  4  degrees, 
although  the  sky  was  cloudless,  and  the  stars  were  bright.  The 
movement  of  the  air  was  from  the  south-west  and  light. 

On  the  forenoon  of  this  day  there  had  been  a  heavy  and  persistent 
rain  storm.  Heavy  rain  and  high  wind  also  occurred  on  the  night 
following.  The  serene  interval  during  which  the  observations  were 
made  lay,  therefore,  between  ihe  two  storms.  Doubtless  the  gap  was 
well  filled  with  pure  aqueous  vapour. 

Further  observations  were  made  in  considerable  numbers,  but  they 
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need  not  here  be  dwelt  upon,  mj  object  being  to  illastrate  a  principle 
rather  than  to  add  to  the  mnltitadinous  records  of  meteorology.  It  will 
be  Bafficient  to  saj,  that  with  atmospheric  conditions  sensibly  alike, 
the  waste  of  heat  from  the  earth  varies  &om  day  to  day ;  a  result  due 
to  the  action  of  a  body  which  escapes  the  sense  of  vision.  It  is  hardly 
necessary  for  me  to  repeat  here  my  references  to  the  observations 
of  Leslie,  Hennessey,  and  others,  which  revealed  variations  in  the 
earth's  emission  for  which  the  observers  could  not  account.  A  close 
inspection  of  the  observations  of  the  late  Principal  Forbes  on  the 
Faolhom,  proves,  I  think,  that  the  action  of  aqueous  vapour  came 
there  into  play,  and  his  detection  of  this  action,  while  unacquainted 
with  its  cause,  is  in  my  opinion  a  cogent  proof  of  the  accuracy  of  his 
work  as  a  meteorologist. 

Postscript. 

In  die  ''  Philosophical  Transactions ''  for  1882,  Part  I,  p.  348, 1  refer 
to  certain  experiments  executed  by  Professor  Soret  of  Geneva.  My 
friend  has  recently  drawn  my  attention  to  a  communication  made  by 
him  to  the  French  Association  for  the  Advancement  of  Science,  in 
1872.  It  gives  me  great  pleasure  to  cite  here  the  conclusions  at  which 
he  has  arrived. 

"  The  influence  of  humidity  is  shown  by  the  whole  of  the  observa- 
tions ;  and  it  may  be  stated  generally,  that,  other  circumstances  being 
eqoal,  the  greater  the  tension  of  aqueous  vapour,  the  less  intense  is 
the  radiation. 

"In  winter,  when  the  air  is  drier,  the  radiation  is  much  more 
intense  than  in  summer,  for  the  same  height  of  the  sun  above  the 
horizon. 

**'  On  several  occasions  a  more  intense  radiation  has  been  observed 
in  dry  than  in  humid  weather,  although  the  atmosphere  was  incon- 
testably  purer  and  more  transparent  in  the  second  case  than  in  the 
firsi 

"  The  maximum  intensity  of  radiation,  particularly  in  the  summer, 
corresponds  habitually  to  days  exceptionally  cold  and  dry." 

Such  are  the  results  of  experiments,  executed  by  a  most  excellent 
observer,  on  the  radiation  of  the  sun.  They  apply  word  for  word  to 
terrestrial  radiation.  They  are,  moreover,  in  complete  harmony  with 
the  results,  published  by  General  Strachey  in  the  "Philosophical 
Haganne''  for  1866.  Meteorologists  will  not,  I  trust,  be  offended 
with  me  if  I  say  that  from  such  outsiders,  fresh  to  the  work  and 
equipped  with  the  necessary  physical  knowledge,  they  may  expect 
efficient  aid  towards  introducing  order  and  causality  among  their 
Talnable  observations. 
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February  15, 1883. 

THE  PBESIDENT  in  the  Chair. 

The  Presents  'received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  **  Some  Experiments  on  Metallic  Reflection.  No.  IIL  On  ihe 
Amount  of  Light  Reflected  by  Metallic  Surfaces.**  By 
Sir  John  Conroy,  Bart.,  M.A.  Communicated  by  Pro- 
fessor Stokes,  Sec.  R.S.    Received  November  1,  1882. 

As  far  as  I  am  aware  the  only  experiments  that  have  been  made  on 
the  amount  of  radiant  energy  reflected  by  metallic  surfaces  at  different 
angles  are  those  of  Potter  ("  Edinburgh  Journal,"  vol.  iii,  278)  and 
Jamin  ("  Ann.  de  Chim.  et  de  Phys."  [3],  xix,  296)  for  light,  and  for 
radiant  heat,  those  of  Forbes  ("  Phil.  Mag.,"  [3],  viii,  246)  and  of 
MM.  De  la  Provostaye  and  Desains  ("  Ann.  de  Chim.  et  de  Phys." 
[3],  XXX,  276. 

Potter  used  a  Bouguer*s  photometer ;  the  transparent  screen  being 
made  of  white  paper,  behind  which  two  lamps  were  placed,  the  light 
from  one  of  which  always  fell  directly  upon  one  half  of  the  screen, 
whilst  that  from  the  other  either  fell  directly  upon  the  screen,  or  after 
reflection  from  the  metallic  plate.  The  observations  were  made  by 
measuring  the  distance  at  which  the  first  lamp  had  to  be  placed  in 
order  that  both  halves  of  the  screen  should  appear  equally  bright. 

The  two  illuminated  portions  of  the  screen  were  not  actually  in 
contact,  being  separated  by  a  dark  shadow,  an  arrangement  which,  to 
a  certain  extent  at  least,  must  have  interfered  with  the  accuracy  of 
the  determinations.  The  mirror  having  been  placed  close  to  the 
lamp,  the  light  incident  upon  its  surface  must  have  been  very 
divergent,  and  as,  in  addition,  the  angle  at  which  it  was  placed  could 
not,  owing  to  the  construction  of  the  apparatus,  have  been  very 
accurately  determined,  the  values  of  the  angles  of  incidence  can  only 
be  considered  as  approximations. 

In  M.  Jamin's  experiments  the  reflecting  surface  was  half  glass 
and  half  metal,  the  line  of  separation  being  vertical,  and  the  incident 
light  polarised  in  a  plane  45°  to  this  direction ;  the  reflected  light  was 
examined  with  a  double  image  prism  which  was  rotated  until  one  of 
the  images  due  to  the  light  reflected  by  the  metal,  and  one  of  those 
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dae  to  the  light  reflected  hj  the  glass  appeared  equally  bright,  f.e., 
till  the  ordinarj  image  of  the  light  reflected  by  one-half  of  the  mirror 
was  equal  to  the  extraordinary  image  of  the  light  reflected  by  the 
other  half. 

The  TefractiTB  index  of  the  glass  being  known,  the  amount  of  light 
reflected  by  it  at  any  angle  could  be  calculated  by  Fresners  formulaB, 
aad  thus  the  percentage  of  light  reflected  by  the  metal  determined. 

The  numbers  obtained  by  M.  Jamin  agree  well  with  those  deduced 
by  calculation  from  Gauchy's  theory,  and  also  with  those  expert- 
mentally  determined  by  MM.  De  la  Provostaye  and  Desains,  by 
means  of  the  thermopile.  Unfortunately,  however,  the  experiments 
on  this  point  made  by  these  two  eminent  French  physicists  were  not 
▼ery  numerous,  and  the  method  used  by  M.  Jamin  has  been  described 
by  M.  Verdet  (**  Le9ons  d'Optique  Physique,"  ii,  546)  as  "  Un 
proc^e  indirect  qui  n'est  pas  susceptible  d'une  grande  perfection." 

Under  these  circumstances  I  trust  that  some  experiments  which  I 
have  recently  made  on  thai  subject  may  be  thought  worthy  of  pub- 
lication, although,  owing  mainly  to  the  difficulties  inseparable  from 
all  photometric  determinations,  the  observations  are  not  as  concordant 
as  could  be  wished. 

The  method  used  was  essentially  that  of  Potter,  the  experiments 
being  made  by  comparing  photometrically  the  amount  of  light 
reflected  by  a  polished  metallic  surface  at  different  angles  with  that 
which  fell  directly  on  the  photometer  when  the  reflecting  surface  was 
removed. 

This  method  is,  of  coarse,  only  applicable  to  the  white  metals,  and 
ill  order  to  obtain  anything  like  accurate  results  the  mean  of  a  con* 
siderable  number  of  observations  must  be  taken. 

Two  similar  paraffine  lamps,  with  flat  wicks,  were  used,  one 
arranged  to  slide  along  a  horizontal  board  about  two  metres  long,  to 
which  a  scale  divided  into  millimetres  was  attached,  and  the  other 
supported  by  a  metal  ring  fastened  to  one  of  the  arms  of  a  Babinet*s 
goniometer. 

An  endless  cord,  which  passed  round  a  pulley  with  a  handle  at  one 
end  of  the  board,  enabled  the  first-mentioned  lamp  to  be  moved  and 
placed  at  different  distances  from  the  photometer. 

It  was  originally  intended  to  use  a  Bunson*s  disk,  but  it  was  found 
Uiat  owing  to  the  small  size  of  the  beam  of  reflected  light,  it  was  not 
possible  to  make  satisfactory  measurements  with  it,  and  after  various 
arrangements  had  been  tried,  a  modification  of  Bitchie*s  photometer 
was  finally  adopted.  Two  pieces  of  white  paper  were  so  placed  that 
whilst  both  were  visible  to  the  observer,  one  being  slightly  in  front 
of  the  other  and  overlapping  it  to  a  smaU  extent,  each  received  light 
from  one  only  of  the  lamps,  and  when  equally  illuminated  the  edge  of 
the  front  paper  vanished.     Two  triangular  blocks  of  wood  4  centims. 
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high,  were  screwed  to  a  rectangular  board  about  15  ceattmB.  by 
10  oentims.,  in  the  position  shown  in  the  figure,  and  pieces  of  white 
paper,  3  centims.  bj  3  centims.,  held  against  the  hypotenuse  of 
each  of  these  triangular  prisms  by  india-rubber  bands.  The  whole 
arrangement  was  enclosed  in  a  box  with  three  apertures,  which  was 
painted,  both  internally  and  externally,  a  dead  black,  and  was  plaoed 
at  the  end  of  the  horizontal  board. 

The  light  from  the  sliding  lamp  entered  by  the  left-hand  apmrt&re, 
whilst  that  which  fell  directly  on  the  paper,  or  after  reflection  from 
the  metallic  surface,  entered  to  the  right-hand  one ;  the  third  aperture 
allowed  the  papers  to  be  seen  by  the  observer,  who  was  at  about 
6  decims.  from  it. 


^th  the  actual  size. 

The  goniometer  was  fixed  on  the  other  side  of  the  photometer,  with 
its  Tertical  axis  in  the  prolongation  of  the  median  line  of  the  board, 
and  had  a  vertical  stage,  to  which  the  reflecting  plate  could  be  readily 
fastened.  The  second  lamp,  which,  as  before  mentioned,  was  carried 
by  a  plate  attached  to  one  of  the  arms  of  the  goniometer,  was  always 
placed  with  its  flame  edgewise,  i.e.,  radially,  and  the  beam  of  light 
limited  by  means  of  a  diaphragm  with  an  aperture  25  millims.  high 
and  5  millims.  wide,  placed  at  a  distance  of  23  centime,  from  ihe 
centre  of  the  flame  and  between  it  and  the  axis  of  the  instrument. 
The  sliding  lamp  was  placed  with  the  flat  side  of  the  flame  towards  the 
photometer* 

The  experiments  were  made  by  first  turning  the  goniometer  until 
the  light  fell  on  the  paper  of  the  photometer;  the  position  of  the 
sliding  lamp  was  then  altered  until  both  papers  appeared  equally  illu- 
minated, and  the  distance  of  the  lamp  from  the  central  line  of  the 
photometer  observed.  Four  such  observations  were  made,  in  the  first 
and  third  the  sliding  lamp  being  placed  too  near  the  photometer  and 
the  distance  increased,  and  in  the  second  and  fourth  the  lamp  placed 
too  far  off  and  the  distance  diminished  until  the  illumination,  of  the 
two  papers  becomes  equal. 
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The  metal  mirror  was  then  clamped  to  the  stage,  which  had  pre- 
Tiouslj  been  carefally  adjusted,  in  order  that  the  surface  of  the  mirror 
might  be  vertical  and  in  the  axis  of  the  instmment,  and  the  whole 
instrnment  rotated  on  its  enter  axis  nntil  the  reflected  beam  fell  on 
Uie  photometer.  Four  readings  were  then  made,  as  has  already  been 
described,  the  mirror  leraoved,  and  four  more  readings  made  of  the 
intensitj  of  the  light  emitted  bj  the  lamp ;  the  mirror  replaced,  the 
angle  of  incidence  altered,  and  fonr  more  readings  made,  and  so  on. 

It  was  found  necessary  to  make  the  observations  in  this  way,  as 
although  the  two  lamps  were  trimmed  as  nearly  as  possible  alike, 
considerable  fluctuations  in  their  relative  intensity  not  unfrequently 
occurred,  and  in  order  to  diminish  as  far  as  possible  this  source  of 
error,  the  mean  of  eight  observations,  four  before  and  four  after  the 
measurement  of  the  intensity  of  the  reflected  light,  was  taken  as  the 
troe  intensity  of  the  light  incident  upon  the  mirror. 

The  metal  surfaces  used  measured  about  8  centims.  by  5  centims., 
were  accurately  plane,  and  had  all  been  polished  with  putty  powder,  it 
having  been  previously  ascertained  ("  Proc.  Roy.  Soc.,**  vol.  31, 
p.  486)  that  the  optical  constants  for  metallic  surfaces  depend  to  a 
certain  extent  upon  the  nature  of  the  substance  with  which  they  have 
been  polished. 

It  had  been  originally  intended  to  use  light  polarised  in  and  per. 
pendicularly  to  the  pUuie  of  incidence,  and  to  determine  the  ratio  of  the 
reflected  to  the  incident  light  in  either  case,  bat  it  was  found  im- 
possible to  make  any  satisfactory  measurements,  owing  to  the  great  loss 
of  light.  The  intensity  of  the  light  could  have  been  somewhat  in- 
creased by  the  use  of  a  larger  Niool,  but  it  seemed  so  very  doubtful 
whether  sufficient  light  would  be  thus  obtained,  that  it  was  thought  best 
to  abandon  the  use  of  polarised  light.  Ordinary  light  being  equivalent 
to  two  beams  of  light  of  equal  intensity  polarised  at  right  angles  to 
each  other,  if  the  total  amount  reflected  at  any  angle,  and  the  ratio  of 
the  intensities  of  the  light  polarised  in  and  perpendicularly  to  the 
plane  of  incidence  when  light  polarised  at  an  angle  of  45°  with  that 
plane  is  incident  upon  the  surface  of  the  plate  at  the  same  angle,  are 
known,  the  reflective  power  of  the  plate  for  light  polarised  in  and 
perpendicularly  to  the  plane  of  incidence  can  of  course  be  readily 
calcalated. 

The  table  gives  a  series  of  measurements  made  with  a  silver  plate. 
The  numbers  in  the  first  column  are  the  distances  in  centimetres  of 
the  sliding  lamp  from  the  photometer  when  the  light  of  the  other 
lamp  fell  direct  on  the  paper,  and  those  in  the  third  when  the  light 
was  reflected  by  the  mirror.  The  means  of  these  observations  are 
confined  in  the  second  and  fourth  columns,  the  angles  of  incidence  in 
the  fifth  column,  and  the  ratios  of  the  reflected  to  the  incident  light, 
the  latter  being  taken  as  100,  in  the  sixth  colunm.     As  tlie  intensity 
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Mean. 


97-4 


116  -01 
115  a  I 
114-5 
113 -Sj 


114-7 


l(f 


72  11 


97-6 


115  -91 
113  -3  1 
113  -7  I 
114 -4] 


114-3 


10° 


78-10 


98-0 


114 -0^ 
113-3  1 
114-7  1 

115  '7  J 


114-4 


20'' 


73-38 


98-6 


114  1 


30° 


74  67 


98-6 


98-2 


114-31 
114-9  1 

114  -0  f 

115  Oj 

116  0^. 

113  -6  I 

114  Of 
112  -8] 


114-5 


113-8 


4QO 


60^ 


74-15 


74-46 


97-7 


111-6^ 
112  -9  I 
112  -3  I 
111  -8 J 


112-1 


60° 


75-94 


971 


111  -31 
111  -5  I 
110-7  I 

111  -cj 


111-8 


65° 


76  11 


97-1 


110-3 


70° 


77-49 


98-3 


109-9 


75' 


80-00 


110-4 


77* 


79  60 
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of  light  varies  inyersely  as  the  square  of  the  distance  from  the  sonrce, 
the  percentage  reflected  bj  the  plate  is  obtained  hj  dividing  the 
munbers  contained  in  the  second  column  by  those  in  the  fourth, 
iqiutting,  and  multiplying  by  100. 

Two  other  series  of  observations  were  made  with  the  silver  plate, 
the  measurements  being  about  as  concordant  as  those  given  above. 
Table  I  contains  the  results  of  these  three  series  and  their  mean. 

Table  I. 


^. 

Percentage  amount  of  Light  Reflected  by  the  Silyer  Mirror. 

0 

A. 

B. 

C. 

IMean. 

10 

72-60 

64-79 

70-20 

70-05 

20 

73-38 

65-77 

71  02 

70-06 

80            1 

74-67 

65-80 

73-57 

71-35 

40 

74  15 

66-225 

72-20 

70-87 

50 

74-46 

69-37 

73-65 

72-49 

60 

75-94 

71-46 

75-18 

74-19 

66 

76  11 

70-45 

74  17 

73-58 

70 

77-49 

72-30 

74-09 

74-63 

75 

80-0 

f       76-50     \ 

I    75-92  ; 

76-58 

77-26 

77 

79-60 

, , 

79-60 

80 

•• 

r       80-96     1 
I       81-60     / 

:81-03 

81  19 

'^ote. — The  mirror  was  slightly  tarnished  when  the  B  series  of 
measurements  were  made. 

Similar  measurements  were  made  with  steel,  tin,  and  speculum 
metal  plates.     The  results  are  given  in  Tables  11,  111,  and  lY. 

Table  II. 


Angle  of 
Inculence. 

Percentage 

amount  of  Light  reflected  by  Steel  Mirror. 

0 

A. 

B. 

C. 

Mean. 

10 

53-68 

54-66 

54-97 

54-38 

20 

55  18 

54-42 

56-68 

65-39 

30 

55 -38 

53-77 

55-64 

54  93 

40 

56-04 

54-80 

56-01 

55-62 

60 

56  10 

56-58 

57-54 

56-74 

60 

58-50 

56-72 

57-48 

67-63 

66 

59-28 

57-39 

58-50 

58-37 

70 

57-22 

57-59 

59-45 

58-09 

75 

59-16 

56-22 

60-69 

58-69 

80 

65*23 

61-23 

64-22 

63-56 
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Angle  of 
Incidence. 

Percentage  amount  of  Liglit  reflected  by  Tin  Mirror. 

o 

A. 

B. 

C. 

Mean. 

10 

89-64 

40-34 

39-39 

89-76 

20 

89-69 

41-01 

40-14 

40-28 

80 

42-66 

45-48 

45-02 

44-38 

40 

43-19 

43-23 

45-91 

44-11 

60 

46*26 

45 -81 

60-80 

47-48 

60 

49-68 

49-77 

62-40 

60-60 

65 

61-24 

51-47 

64-26 

62-32 

70 

62-79 

64-95 

67  17 

64-97 

76 

57-89 

58-92 

69-73 

B8-85 

80 

65-86 

68-80 

65-57 

66  08 

Table  IV. 

Angle  of 
Incidence. 

Percentage  amount  of  Light  reflected  by  Speculum 
Metal  Mirror. 

o 

A. 

B. 

C. 

Mean. 

10 

68-83 

67  11 

67-45 

66-13 

20 

65-61 

67-29 

67-84 

66-88 

30 

65-77 

67-96 

66-87 

66-87 

40 

66-93 

68-49 

66-35 

67-26 

60 

67-85 

67-87 

67-07 

67-26 

60 

66-97 

66-99 

66-98 

66-32 

65 

66-71 

66-49 

67-39 

66-53 

70 

66-70 

67-64 

68-60 

67-65 

75 

65-68 

68-80 

67-82 

67-43 

80 

71-72 

69-86 

68-94 

70  17 

The  principal  incklencee  and  azimnths  for  the  four  mirrors  "were 
determined  in  the  manner  described  in  the  paper  on  metallic  reflection 
which  has  already  been  referred  to  ("  Proc.  Roy.  Soc.,"  vol.  31, 
p.  486),  a  soda  flame  being  nsed  as  the  source  of  light.  Four  observa- 
tions were  made  in  each  position  of  the  retarding  plate,  two  with  the 
principal  section  of  the  polarising  Nicol  on  the  right,  and  two  with  it 
on  the  lefb  of  the  plane  of  incidence.  The  means  of  several  sets  of 
eight  observations  each  are  given  in  Table  V. 
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Table  V. 
Principal 
Incidenoe.    ICeaa. 

Silver    74''20"| 

74,  01  >74"'04' 

73  52  J 

Steel ?6  49  1»R.-o 

76  48/^^^ 
Tb 75  0    1 

74  01  >74  17 
73  51  J 

Specnlnm  Metal      75  39  1  »g  .ge 

75  32  J 


anui. 

'03'1 
18  y 
0    J 


Principal 
Asimuth. 

39° 

39 

40 

28  12 

27  34 

32  02 
31  16  >31 
31  01 

33  23 
33  01 


Hmil 


39°-2r 


27-53 


} 


'26 


33  12 


The  tables  show  tliat  the  amonnt  of  Hght  reflected  increases  with 
the  angle  of  incidence.  In  the  case  of  specnlnm  metal,  however, 
after  first  increasing,  the  amonnt  of  light  appears  to  diminish  slightly, 
«nd  after  passing  throngh  a  minimnm  at  abont  65°  to  increase  again. 

These  results  are  not  in  accordance  with  the  experiments  of  Potter 
or  of  M.  Jamin.  Potter  found  that  the  amonnt  of  light  reflected  dimi- 
nished as  the  angle  of  incidence  increased,  being  a  maximum  for 
perpendicalar  incidence ;  a  result  that  was  confirmed  bj  the  experi- 
ments of  M.  Jamin,  who  showed  that  at  angles  greater  than  any  at 
which  Potter  had  made  observations,  the  amount  of  reflected  light 
increased  again. 

The  values  of  the  principal  incidences  and  azimuths  given  in  Table  Y 
were  used  for  calculating  the  amount  of  light  which,  according  to 
C^ndiy's  theory,  should  have  been  reflected  by  the  plates. 

His  formulfls  are — 

For  light  polarised  in  the  plane  of  incidence 

J3=tan(0-45): 
Per  light  polarised  perpendicularly  to  the  plane  of  incidence 

P=tan(x-45). 
</>  and  X  9Jce  given  by  the  equations — 

(1)        cot0=co8  (2€— tt)  sin  (2  arc  tan  — .  l 

\  0^  cos  1/ 

cot  x=cos  u  sin  (  2  arc  tan  -— —  J. 

^  and  6  being  two  constants,  and  TJ  and  u  two  variables,  determined 
by  the  relation  : — 


(2) 

VOU  XXXV. 


cot  (22t— €)  =cot  € .  COS  ( 2  arc  tan  ?1^  |, 
^sin26=U»sin2M. 
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At  the  angle  of  polarisation 

t*=2/3,  (U=sin  B  tan  B), 

when  /9=the  principal  azimnth  and  B  the  principal  incidence. 

The  forms  which  have  been  given  to  these  expressions  by  MM.  de 
la  Provostaye  and  Desains  ("  Ann.  de  Chim."  (3),  30,  p.  279),  are 
more  convenient  for  calculation,  and  therefore  were  used. 

_^+ cos*  1—2^  cos  c  cost 


J3= 


I« 


^ -f  cos^  t + 2^  COS  €  cos  * 

_^  cos^  1+1—2^  cos  €  cos  i 
6^  cos*  1  +  1  +  2^  cos  €  cos  i ' 


These  authors  remark  in  their  paper  that  it  is  generally  sufficient 
to  take  e=t«,  and  therefore  ^=11,*  and  this  was  done  in  calculating  out 
the  intensities.  The  incident  light  having  been  unpolarised,  half  the 
sum  of  the  intensities  of  the  light  polarised  in,  and  perpendicularly  to 
the  plane  of  incidence  {i.e.,  ^  (J*+I^)}  was  taken  as  the  theoretical 
intensity  of  the  reflected  light. 

Amount  of  Light  Reflected  by  the  four  Mirrors. 


Angle  of 
Incidence. 

Silver. 

Steel.                        1 

Observed. 

Calculated. 

Observed. 

Calculated. 

o 

20 
40 
60 
80 

70-06 
70-87 
74-19 
81-19 

80-97 
80-84 
80-24 
88-68 

55-89 
55-62 
57-68 
68-56 

69  19 
68-98 
57  66 
60-71 

Tin. 

Speculum  MetaL 

20 

40 
60 
80 

40-28 
44-11 
50-60 
65-08 

60-55 
60-41 
60-01 
66-98 

66-88 
67-26 
66-82 
70  17 

66  85 
66-62 
65-64 
69-60 

The  table  shows  that  with  the  speculum  metal  mirror  the  observed 
and  calculated  intensities  agree  fairly  well,  but  that  such  is  not  the 

•  According  to  Lundquist  ("  Pogg.  Ann.,"  152,  p.  410),  Jamin  himself  appears 
to  have  done  so  ;  in  this  case  the  formulcs  (1)  for  determining  f  and  %  become  re- 
spectively— 

cot  (p -cos  2^3  sin  /  2  arc  tan —^^— V 
"^       \  sin«Bcos»r 


ootx*cos2/3sin  (  2arctan 


cosBoostN 
"sS^lB"; 
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case  with  the  other  three  mirrors.  All  four  mirrors  had  appeared 
perfectly  untarnished  and  bright  when  the  observations  were  made, 
bat  as  the  silver,  steel,  and  tin  mirrors  had  been  polished  some  months 
before  they  were  nsed,  it  was  thought  possible  that  slight  films  might 
have  formed  on  their  surfaces,  and  that  the  diflbrence  in  the  calculated 
and  observed  results  was  due  to  this  cause.  The  silver  mirror  was 
therefore  returned  to  the  maker,  Mr.  Hilger,  to  be  repolished  with 
pntty  power. 

The  amount  of  light  reflected  by  it  was  determined  the  same  day 
tliat  it  was  received  back,  and  it  was  found  that  its  reflective  power 
was  slightly  diminished  for  light  incident  upon  its  surface  at  angles 
of  20^  40°,  and  60^,  and  somewhat  increased  for  light  incident  at 
80°,  the  number  being — 

20*^  68  -54 

40  69  01 

60  72-65 

80  85-96 

These  results  agreeing  fairly  well  with  the  means  of  the  numerous 
observations  which  had  previously  been  made,  it  was  not  thought 
necessary  to  make  any  further  determinations,  as  it  was  clear  that  the 
difference  between  the  observed  and  calculated  values  could  not  be  due 
to  a  film  on  the  surface  of  the  mirror. 

The  surfsEU^  of  the  silver  mirror  not  being  very  good,  it  was  again 
returned  to  the  maker  to  be  polished  with  rouge,  that  being  stated  to 
be  the  best  material  for  polishing  silver;  the  result  was  not  very 
satis&ctory,  as  the  surface  appeared  less  good  than  before — ^that  this 
was  really  the  case  was  confirmed  by  the  reflective  power  of  the 
mirror  being  diminished. 

The  results  of  three  series  of  observations  are  recorded  in  table, 
and  also  two  determinations  of  the  values  of  the  principal  incidences 
and  azimuths. 


Angle  of 
Incidence. 

A. 

B. 

C. 

Mean  Value. 

o 

10 

58-69 

6301 

61-38 

61-08 

20 

61  03 

68-95 

63-74 

62-90 

30 

62*48 

64-80 

66-21 

64-49 

40 

64-27 

66-57 

66-95 

65-93 

50 

65-24 

67-82 

68-50 

67  19 

65 

65  71 

68  19 

69-89 

67-93 

60 

66-71 

70-19 

70-98 

69-29 

65 

68-88 

70-54 

70  11 

69-84 

70 

68-95 

72-77 

72-71 

71-48 

75 

70-87 

73-43 

77-26 

73-85 

80 

77  16 

78-92 

83  16 

79-74 
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Principal  Incidence.  Principal  Azimuth. 

73-38  38-39 

73-37  38-40 

The  theoretical  intensities  calculated  by  Gauchy's  formnlas  from  the 
value  of  the  principal  incidence  and  principal  azimuths  are — 


adence. 

Obeerred. 

Oaloolstod. 

20° 

•  •  «  • 

62-90 

•  •  •  • 

78-09 

40 

•  •  •  • 

65-98 

•  •  •  • 

77-95 

60 

•  •  •  . 

69-29 

•  •  •  • 

77-46 

80 

•  •  .  . 

79-74 

•  •  •  • 

81-34 

These  numbers  do  not  agree  any  better  than  those  previously 
obtained,  and  it  therefore  seems  necessary  to  assume  that  Cauchy's 
formulas  (at  least  in  their  simplified  form)  do  not  express  the  fistcts  of 
the  case,  except,  perhaps,  for  speculum  metal. 

The  values  for  the  intensity  of  the  light  calculated  by  the  formulas 
given  by  Professor  James  MacCullagh  (**  Collected  Works,"  p.  133) 
decrease  slowly  up  to  a  large  angle  of  incidence,  and  then  increase 
again  just  as  is  the  case  with  the  similar  formulas  of  Gauchy. 

Professor  Stokes  suggested  that  very  probably  the  discrepancy 
between  the  observed  and  calculated  results  was  due  to  imperfect 
polish,  as  the  differences  were  greater  with  the  soft  metals,  silver 
and  tin,  to  which  it  is  more  difficult  to  give  a  good  polish  than 
for  the  hard  metals,  steel  and  speculum  metal,  and  also  as  the 
observed  intensities  fell  short  of  the  calculated  ones  at  moderate 
incidences,  whilst  sometimes  even  exceeding  them  at  bigh  incidences, 
for  which  deficiencies  of  illumination  due  to  defects  of  polish  might 
possibly  be  expected  to  disappear. 

Professor  Stokes  also  suggested  a  method  for  examining  the  polish 
of  the  mirrors. 

In  accordance  with  his  suggestion  a  cylindrical  tinned  iron  canister, 
closed  at  one  end,  about  9  centims.  in  diameter  and  27  centims.  deep, 
was  blackened  internally  and  supported  on  a  table  at  an  angle  of 
about  30*^  with  the  horizon,  and  with  the  lower  edge  of  the  open  end 
about  4  centims.  above  the  surface  of  the  table,  which  was  covert 
with  a  black  cloth. 

The  table  was  placed  out  of  doors,  so  that  there  might  be  plenty  of 
light  coming  from  all  round,  and  the  metal  plates  laid  on  the  black 
cloth  in  front  of  the  canister,  so  that  an  observer  standing  in  front 
could  see,  by  reflection,  into  the  perfect  darkness.  If  the  polish  were 
perfect,  the  surface  of  the  metal  plate  would  appear  perfectly  black ; 
and  if  such  should  not  be  the  case,  the  illumination  of  the  plate  would 
afford  an  estimate  of  the  defect  of  polish. 

The  reflection  in  the  plate  was  examined  through  a  small  hole  in  a 
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hhck  screen,  in  order  to  prevent  any  light  diffuaed  from  the  oheeryer's 
hoe  being  reflected  hy  the  plate  into  the  canister,  and  thus  destroying 
its  perfect  blackness. 

Two  of  the  plates  were  placed  side  by  side  and  examined  together, 
and  in  this  way  it  was  ascertained  that  their  order  of  polish  was, 
steel,  specnlnm  metal,  silver,  and  tia ;  there  being  bnt  Uttle  difference 
between  the  polish  of  the  steel  and  the  specnlnm  metal,  and  a  con- 
siderable difference  between  the  specnlum  metal  and  the  silver,  and 
again  between  the  silver  and  the  tin. 

The  experiment  was  originally  made  with  the  silver  mirror  polished 
with  pntty  powder,  and  was  repeated  after  it  had  been  polished  with 
rouge ;  the  order  remained  the  same,  bnt  it  was  thought  that  there 
was  a  greater  difference  between  the  specnlnm  metal  and  the  silver  in 
the  latter  case. 

Professor  Stokes  also  suggested  that  the  surface  of  perfectly  clean 
mercury  would  furnish  a  standard.  Some  mercury  was,  therefore, 
cleaned  by  being  well  shaken  with  pounded  sugar,  and  then  filtered 
three  or  four  times  through  a  cone  of  writing  paper,  with  a  small 
aperture  at  the  apex.  A  small  porcelain  basin  was  blackened  both 
internally  and  externally,  and  nearly  filled  with  the  clean  mercury, 
and  the  reflection  of  the  canister  in  it  and  in  the  plates  compared. 
The  reflection  in  the  steel  appeared  quite  as  black  as  that  in  the 
mercury,  whilst  that  in  the  speculum  metal  appeared  sUghtly  less 
black.  In  a  preliminary  experiment  the  steel  was  thought  to  be 
Uacker  than  the  mercury ;  the  difference,  if  any,  was,  however,  very 
sU^ht,  and  was  probably  due  to  a  thin  film  having  formed  on  the 
surface  of  the  mercury  which,  in  that  Qase,  had  only  been  cleaned  by 
filtration  through  paper.  The  experiment  was  therefore  repeated  with 
mercury  which  had  been  cleaned  as  has  already  been  described,  but  it  was 
sdll  found  that,  as  compared  with  the  mercury,  the  polish  of  the  steel 
was  sensibly  perfect.  The  difference  between  the  calculated  and 
c^Merved  results  for  the  steel  at  least  cannot,  therefore,  be  due  to 
imperfect  polish,  and  the  discrepancy  is  almost  too  great  to  be 
accounted  for  by  errors  of  observation,  especially  as  the  intensities 
actually  observed  increase  with  the  incidence,  whilst  theoretically  they 
ought  to  diminish,  and  then  increase  again. 

The  experiments  show  (unless  there  is  some  error  due  to  the 
method  of  observation,  and  therefore  common  to  all  the  deter- 
minations), that  the  amount  of  light  reflected  by  silver,  steel,  and  tin 
gradually  increases  with  the  angle  of  incidence ;  that  with  speculum 
metal  after  first  increasing  it  diminishes  slightly,  and  then  increases 
again ;  that  the  results  obtained  by  the  method  described  in  this  paper 
are  not  in  accordance  with  the  experiments  of  Potter  and  M.  Jamin,  or 
with  the  values  calculated  by  the  formulas  of  Cauchy  and  MaoCullagh ; 
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that  with  the  silver  and  the  tin  mirrors  the  difference  between  theory 
and  observation  may  be  due  to  imperfect  polish,  but  that  such 
can  hardly  be  the  case  with  the  steel. 

Under  these  circumstances  it  appears  desirable  that  a  fresh  series  of 
observations  should  be  made  by  some  independent  method,  which 
would  either  confirm  or  disprove  the  results  contained  in  this  paper, 
and  this  I  hope  to  attempt. 


Received  December  18,  1882. 

All  previous  determinations  of  the  reflective  power  of  metals 
having  been  made  in  air,  it  appeared  desirable  to  make  some  observa- 
tions with  the  steel  and  speculum  metal  mirrors  in  water,  the  polish 
of  these  mirrors  being  satisfactory. 

A  glass  trough  about  7 '6  centims.  square  and  3*7  centims.  deep,  was 
filled  with  distilled  water  and  placed  on  the  stage  of  the  goniometer  in 
such  a  position  that  the  light  from  the  lamp  passed  normally  through 
two  of  its  opposite  sides,  and  then  fell  on  the  photometer.  The 
distance  of  the  sliding  lamp  was  then  altered  till  both  papers  appeared 
equally  illuminated;  four  such  readings  were  made,  and  then  the 
mirror,  which  had  been  previously  adjusted,  placed  in  the  trough  and 
clamped  at  an  angle  of  45°  with  the  incident  light. 

The  trough  was  then  so  adjusted  that  the  incident  and  emergent 
light  passed  normally  through  two  of  its  adjacent  sides,  the  gonio- 
meter turned  until  the  light  fell  on  the  photometer,  and  the  readings 
made  in  the  usual  way.  The  mirror  was  then  removed  and  the 
intensity  of  the  light  which  passed  through  the  trough  again  deter- 
mined. 

The  partial  reflections  from  the  glass  sides  of  the  trough,  and  the 
length  of  the  path  of  the  bght  in  the  water  (the  reflecting  surface 
eoinciding  with  the  diagonal  of  the  trough),  being  the  same  in  both 
cases,  the  difference  in  the  intensity  of  the  light  could  only  be  due  to 
the  loss  caused  by  reflection. 

The  light  not  being  parallel,  but  forming  a  slightly  divergent  beam, 
the  effect  of  introducing  the  trough  of  water  between  the  source  and 
the  photometer  was  equivalent,  in  an  optical  sense,  to  slightly  re- 
ducing the  distance  between  them ;  it  was  therefore  necessary  that 
the  light  when  falling  directly  on  the  photometer,  and  when  doing  so 
after  reflection,  should  have  traversed  in  both  cases  an  equal  thickness 
of  water.  This  condition  prevented  observations  beim?  made  at  anirlee 
other  than  45°. 

The  results  of  four  observations  with  the  speculum  metal,  and  three 
with  the  steel  mirrors,  show  that,  as  might  have  been  anticipated,  the 
percentage  of  light  reflected  was  less  than  when  the  mirrors  were  in 
air ;  the  numbers  are — 
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Speculum  MetaL  Steel. 
58  73 

56  13        44-74 

59-43        44  74 

57-82        44  -20 

Mean 58*03        44  42 

With  the  exception  of  the  first  determination  made  with  the 
specnlum  metal  mirror,  which  is  the  mean  of  eight,  each  observation 
is  the  mean  of  fonr  readings. 

The  pfrincipal  incidences  and  azimuths  of  the  mirrors  when  in 
water  were  determined  hy  the  same  method  that  had  been  used  for 
ascertaining  the  values  of  these  constants  in  air;  the  mirrors  being 
surrounded  bj  a  (^lindrical  glass  vessel  filled  with  water. 

Speculum  Metal.  Steel. 

P.L  P.A.  P.I.  PJl 

72^4'        32^30'  ....         72*^37'        27Mr 

72  15         31    53  ....         72  17         27  14 

Mean. .    72  14         32   11         ....         72  27         27  27 

These  values  were  introduced  into  Gauchy's  formulaa,  and  the  theo- 
retical intensity  of  the  light  reflected  at  45°  determined. 

Speculum  MetaL  Steel. 

Observed 58  03         ....         44*42 

Calculated 58  56         ....         48*98 

The  differences  between  the  observed  and  calculated  values  are 
Dearly  the  same  as  when  the  measurements  were  made  in  air. 

Note  by  the  Communicator.    Received  February  13, 1883. 

The  differences  between  the  results  of  theory  and  observation  as  to 
the  intensity  of  reflected  light  are  in  several  of  the  above  experiments 
so  considerable,  that  we  are  led  to  ask  whether  there  may  not  be  some- 
thing in  the  experiments  to  which  it  may  be  refeiTed. 

A  slight  inaccuracy  in  the  calculated  numbers  is  produced  by  the 
neglect  of  the  polarisation  due  to  oblique  reflection  from  the  paper 
employed.  With  glazed  paper  this  might  be  considerable ;  but  naturally 
a  paper  would  be  selected  with  as  dull  a  surface  as  possible,  and  the 
author  assures  me  that  the  polarisation  was  only  just  perceptible.  It 
could  be  easily  allowed  for  by  measuring  the  amount  of  polarisation 
produced  by  the  oblique  reflection.  When  light  of  given  intensity 
polarised  first  in  and  then  perpendicularly  to  the  plane  of  incidence  is 
incident  obliquely  on  the  paper,  let  the  intensities  of  the  reflected 
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light  be  as  r  to  1.  Then  it  will  be  easily  seen  that  the  theoreUcal 
intensity  for  common  light  reflected  first  from  the  metal,  and  then 
from  the  paper,  as  determined  by  the  method  of  the  paper,  will  be 
(rJH I2)/(r  + 1)  instead  of  ^  (J^ H-P).  The  former  exceeds  the  latter 
by- 

2(r+l)       ' 

which  is  positive,  since  r  is  a  little  greater  than  1,  and  tP  is  greater 
than  P.  This  excess  is  veiy  small,  but  as  far  as  it  goes  it  tends  rather 
to  increase,  on  the  whole,  the  difference  between  theory  and  observa- 
tion, since  the  observed  intensity  nearly  always  falb  short  of  the 
calculated. 

The  imperfection  of  the  polish  in  the  case  of  such  soft  metals  as 
silver  and  tin  has,  doubtless,  much  to  do  with  it.  But  the  polish  of 
the  steel  seems  to  have  been  practically  perfect,  and  jet  this  metal 
showed  discrepancies,  though  not  so  gpreat. 

But  I  think  there  are  strong  reasons  for  believing  that  the  ordinarily 
received  formulae  for  metals  can  only  give  a  more  or  less  approximate 
result. 

MacCullagh  was  the  first  to  show  that  by  substituting  for  the 
refractive  index  in  Fresnel's  formulae  a  complex  imaginary,  and  then 
interpreting  the  formulaa  as  Fresnel  has  done  in  a  somewhat  analo- 
gous case,  results  were  obtained  agreeing,  at  any  rate  approximately, 
with  those  deduced  from  observation.  Cauchy  afterwards  gave 
formulas  substantially  .the  same,  as  they  differ  only  in  algebraic 
development,  but  made  an  important  advance  in  the  physical  theory 
by  connecting  the  coefficient  of  v^— 1  in  the  complex  imaginary  with 
an  intense  absorbing  action  of  the  medium. 

But  metals  are  not  the  only  bodies  to  which  the  formnlae  of 
Fresnel  do  not  apply.  More  than  fifty  years  ago  Sir  George  Airy 
showed  that  in  the  case  of  diamond  a  considerable  quantity  of  light 
polarised  perpendicularly  to  the  plane  of  incidence  was  reflected  at 
the  angle  which  made  the  nearest  approach  to  a  polarising  angle ;  and 
that  on  increasing  the  angle  of  incidence  through  the  angle  of 
maximum  polarisation  there  was  a  rapid  retardation  of  phase. 
Similar  phenomena  were  afterwards  observed  in  other  transparent 
substances  of  high  refractive  index,  and  more  recently  M.  Jamin  has 
observed  them  in  transparent  substances  in  general  with  a  few 
exceptions. 

The  effect  increases  on  the  whole  with  the  refractive  index  of  the 
substance,  but  not  in  such  a  manner  as  to  allow  us  to  suppose  that  it 
is  a  function  of  the  refractive  index.  Hence  two  independent  con- 
stants are  required  to  define  for  a  given  kind  of  homogeneous  light 
the  optical  character  of  a  transparent  substance. 
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The  adanumtine  property  of  a  sabstance,  as  for  the  sake  of  a  name 
it  maj  be  called,  increasing  on  the  whole  with  the  index,  and  conse- 
quentlj  on  the  whole  with  the  density,  there  can  be  little  donbt  that 
if  metals,  retaining  their  actoal  density,  were  transparent  like  diamond, 
they  would  exhibit  this  property  in  a  greatly  exalted  degree.  On  the 
other  hand,  the  metallic  properties  connected  with  intense  absorption 
are  exhibited  by  many  non-metallic  substances,  such  for  example  as 
the  colouring  matters  derived  from  aniline.  Hence  we  have  very 
strong  reason  for  believing  that  there  are  two  distinct  and  independent 
properties  in  a  metal  by  virtue  of  either  of  which,  if  it  stood  alone, 
there  would  be  a  change  of  phase  and  persistence  of  intensity  for  light  % 
polarised  perpendicularly  to  the  plane  of  incidence  as  the  angle  of 
incidence  was  increased.  The  changes  due  to  these  two  would  not 
follow  the  same  laws  as  regards  their  dependence  on  the  angle  of 
incidence.  The  coefficients  expressing  these  two  properties,  together 
with  what  answers  to  the  index  of  a  transparent  substance,  make 
three  physical  constants  which  are  required  to  define  a  metal  optically, 
even  in  relation  to  homogeneous  light. 

If  we  confine  our  attention  to  an  experimental  determination  of 
the  difference  of  phase  and  ratio  of  intensity  for  light  polarised  in  and 
perpendicularly  to  the  plane  of  incidence,  and  if,  neglecting  altogether 
the  adamantine  property,  we  determine  the  two  constants  in  the 
ordinary  formnlae  for  metalHc  reflection  so  as  to  make  them  agree 
with  observation  in  two  cases,  suppose  by  giving  a  difierence  of  phase 
of  90^  for  an  observed  angle,  and  an  observed  ratio  of  intensities  at 
that  angle,  it  may  be  readily  imagined  that  the  ordinary  formulsa  may 
be  to  a  certain  extent  formulaB  of  interpolation,  giving  the  difference- 
of  phases  and  ratio  of  intensities  for  other  angles  of  incidence  without 
any  very  material  error ;  and  yet  when  we  oome  to  a  totally  different 
kind  of  observation,  such  as  that  of  determining  the  ratio  of  the- 
intensity  of  incident  to  that  of  reflected  light,  that  the  formulsB  may 
be  found  to  be  very  distinctly  in  error.  Hence  observations  of  thifr 
latter  class  seem  deserving  of  more  attention  than  have  lately  been< 
bestowed  upon  them,  lest  from  too  great  reliance  on  the  accordance 
betwean  theory  and  observation  as  regards  the  difference  of  phase  and 
ratio  of  intensities  when  we  compare  light  polarised  in  and  per- 
pendicularly to  the  plane  of  incidence,  we  should  be  led  unduly  to 
trust  the  formnlss,  for  giving  correctly  the  ratio  of  intensities  forr 
incident  and  reflected  light. — G.G.S. 
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II.  "  Description  of  an  Apparatus  employed  at  the  Kew  Obser- 
vatory, Richmond,  for  the  Examination  of  the  Dai'k  Glaases 
and  Alirrors  of  Sextants/'  By  G.  M.  Whipple,  B.Sc, 
Superintendent.  Communicated  by  Warren  De  La  Rue, 
Esq.,  Vice-Chairman  of  the  Kew  Committee.  Received 
February  6, 1883. 

In  the  "  Proc.  Roy.  See,"  vol.  16,  p,  2,  Professor  Balfour  Stewart 
describecl  an  apparatus  designed  and  constructed  by  Mr.  T.  Cooke 
for  the  determination  of  the  errors  of  gpradnation  of  sextants. 
This  instrument  has  from  that  date  been  constantly  in  use  at  the 
Kew  Observatory,  and  since  the  introduction  of  certain  unimportant 
improvements,  has  been  found  to  work  very  well. 

No  provision  was  made,  however,  for  its  employment  in  the  deter- 
mination of  the  errors  of  the  dark  shades  used  to  screen  the  observer's 
•eyes  when  the  sextant  is  directed  to  the  sun  or  moon,  and  it  has  been 
found  that  errors  may  exist  in  the  shape  of  want  of  parallelism  in 
these  glasses,  sufficiently  large  to  seriously  affect  an  observation, 
accurate  in  other  respects. 

It  bas  also  been  found  that  sextant  makers  are  desirous  of  having 
the  shades  examined  before  proceeding  to  fit  them  into  their  metal 
mountings,  and  also  to  have  the  surfaces  of  the  mirrors  tested  for 
distortion  before  making  the  instruments  up.  With  a  view  to  the 
accomplishment  of  these  ends,  for  some  time  past  the  Kew  Com- 
mittee have  undertaken  to  examine  both  dark  glasses  and  mirrors, 
and  to  mark  them  with  a  hall-mark,  when  they  are  found  to  answer 
the  requirements  necessary  for  exactitude. 

For  these  purposes  the  apparatus  now  described  has  been  devised  by 
the  author,  and  brought  into  use  at  the  Observatory. 

It  is  represented  in  the  annexed  cut. 


A  telescope.  A,  of  3^  inches  aperture  and  4S  inches  focal  length, 
a  pair  of  coUimators,  B  and  G,  of  1^  inch  aperture  and  10  inches 
focal  length,  and  a  heliostat,  D,  are  firmly  fixed  to  a  stout  plank,  so 
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ibftt  &eir  axes  may  be  in  the  same  horizontal  plane.  The  eye-piece 
of  the  telescope,  E,  carries  a  parallel  wire  micrometer,  F.  G>  is  the 
dark  glass  to  be  examined,  and  H  is  another  glass  of  the  same  tint. 

In  order  to  adjust  ihe  instrument,  the  telescope,  A,  is  directed  to 
the  son,  a  shade  being  fitted  to  the  eye-piece,  and  then  placed  in  its 
Ps  focossed  for  parallel  rays.  The  collimators,  B  and  G,  are  then 
fixed  on  their  table  with  their  object-glasses  opposed  to  that  of  the 
telescope.  A,  the  eye-pieces  and  wires  having  first  been  removed, 
and  a  metal  plate  with  a  sharply  cat  hole  in  its  centre,  fitted  to  their 
diaphragms. 

Light  is  next  reflected  down  the  collimator  by  the  mirror  D,  and 
the  aperture  in  the  diaphragm,  being  viewed  through  the  telescope  A, 
is  carefully  focussed  by  moving  the  object-glass  of  the  collimator  to 
and  fro,  by  means  of  its  rack  and  pinion. 

The  diaphragm  aperture  is  next  coUimated  by  rotating  the  collimator 
in  its  bearings. 

Both  collimators  being  thus  adjusted  they  are  placed  side  by  side, 
80  that  their  illuminated  sights  can  be  viewed  simultaneously  in  the 
telescope,  appearing  as  superimposed  bright  disks  12'  in  diameter. 
They  are  next  separated  so  that  the  disks  remain  merely  in  contact  at 
the  extremity  of  their  horizontal  diameters. 

The  instrument  is  now  ready  for  use,  and  the  examination  of  the 
shades  is  performed  in  the  following  manner. 

The  glass  to  be  tested  is  fixed  in  a  holder,  in  front  of  the 
object-glass  of  collimator  B,  a  corresponding  shade  being  placed 
between  the  heliostat  and  diaphragm  of  collimator  C.  The  sun  is 
directed  on  to  the  diaphragms.  The  coloured  disks  are  viewed 
through  the  telescope,  when  if  the  sides  of  the  shade  G  are  per- 
fectly parallel  the  relative  position  of  the  disks  is  unchanged,  if,  how- 
ever, the  shade  is  not  ground  true,  the  disks  will  appear  either 
separated  or  to  overlap.  In  the  first  case,  the  amount  of  separation 
is  measured  by  the  micrometer,  F,  and  serves  to  indicate  the 
^Mii^  of  the  glass.  In  the  case  of  overlapping  images  the  shade  is 
I  through  180°,  and  separation  produced  which  can  be  measured, 
examination  is  then  made,  the  shade  having  been  turned 
«U90^ 

jflfk  ao  position  a  separation  of  images  is  found  to  exist  to  the 
i  of  20",  the  glass  is  etched  K.0. 1 ;  if  more  than  20''  but  less 
i4ff\  the  mark  is  K.O.  2,  with  greater  distortion  than  this,  the 
\ »  rejected  and  not  marked. 

lb  examine  the  quality  of  the  mirrors,  a  small  table,  on  levelling 
screws,  is  put  in  front  of  the  object-glass  of  the  telescope.  The 
mirror  to  be  tested  is  placed  on  its  edge  on  this  table,  and  turned 
nntil  a  distant  well-defined  object  is  reflected  down  the  tube  of  the 
tdescope.    The  object-glass  of  the  telescope  having  previously  been 
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stopped  down  to  an  apertnre  corresponding  to  the  size  of  tbe  mirror, 
the  reflected  image  is  contrasted  with  that  seen  directly,  and  if  the 
definition  is  nnchanged,  the  mirror  is  marked  K.O.,  with  a  writing 
diamond,  and  returned  to  the  maker ;  if  the  object  appears  distorted, 
its  nn fitness  for  use  is  similarly  notified.  A  small  fee  is  charged  for 
the  examination. 


III.  *'0n  the  Atomic  Weight  of  Manganese."  By  JaM£& 
Dewar,  M.A.,  F.R.S.,  Jacksonian  Professor,  Cambridge, 
and  Alexander  Scott,  MA.    Received  February  9,  1883- 

Our  atteution  has  been  directed  for  some  time  to  a  new  determina- 
tion of  the  atomic  weight  of  manganese.  This  communication  gives 
a  succinct  account  of  the  results  of  the  preliminary  stages  of  such 
an  inquiry,  and  although  the  farther  progress  of  the  investigation 
may  reveal  some  errors,  still  we  feel  convinced  the  final  numbers  can 
in  no  way  differ  materially  from  the  present  values,  and  therefore 
further  delay  in  publication  is  unnecessary. 

The  atomic  weight  of  manganese  has  been  determined  by  many 
chemists,*  but  the  resulting  values  vary  considerably  according  to  the 
special  method  selected.  The  results  of  the  different  investigators 
may  be  divided  into  two  classes — those  giving  approximately  55 
as  the  number,  and  those  making  it  about  54.  To  the  former 
class  belong  Turner,  Berzelius,  and  Dumas,  all  of  whom  use  the 
same  method,  viz.,  the  determination  of  the  silver  chloride  yielded 
by  a  weighed  amount  of  chloride  of  manganese.  Tomer  also  made 
determinations  from  the  analysis  of  the  carbonate,  and  from  the  oon- 
version  of  the  monoxide  into  sulphate.  Yon  Hauer  used  the  same 
method  as  that  employed  by  him  in  the  determination  of  the  atomic 
weight  of  cadmium,  viz.,  the  reduction  of  manganous  sulphate  to 
sulphide  by  ignition  in  a  current  of  sulphuretted  hydrogen.  It  is 
probable  that  this  method  is  not  very  trustworthy,  as,  according 
to  Schneider,  the  sulphide  may  be  contaminated  by  oxysulphide. 
Schneider  and  Rawack  belong  to  the  second  class  of  observers,  the 
former  employing  the  oxalate,  and  from  its  analysis  calculating  the 
atomic  weight  by  deducting  the  weight  of  water  and  carbon  dioxide 
obtained.  Rawack,  whose  experiments  were  conducted  in  Schneider's 
laboratory,  weighed  the  water  obtained  by  reducing  manganoso- 
manganic  oxide  to  manganous  oxide. 

One  objection  to  the  analysis  of  the  chloride  is  that  it  may  contain 
besides  manganous  chloride  varying  proportions  of  manganic  salt. 

•  BerzeliuB,  "  Lehrbuch,"  5  Ed.,  3, 1224.  Dumw.  "  Ann.  Chem.  Pharm.,"  118, 
25,  1860.  Hauer,  "  Wien.  Acad./'  xxr,  124.  Bawack  and  Schneider,  "  Pogg 
Ann.,"  107,  608. 
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This  must  be  the  case  if,  as  Forchammer  Tnaintaips,  pure  manganons 
salts  are  colonrless,  the  pink  colour  of  manganese  salts  being  due  to 
teaoes  of  a  manganic  componnd.  Forchammer  has  observed  that  on 
fusing  manganese  sulphate  with  potassium  hydrogen  sulphate,  a  white 
mass  is  obtained  which  g^ves  a  colourless  solution.  We  have  been 
unable  to  prepare  any  chloride  or  bromide  without  a  pink  or  rose 
colour  giving  a  correspondingly  coloured  solution,  and  this  was  also 
the  case  with  specimens  fused  in  liydrogen  and  hydrochloric  acid  gas. 
The  efPect  of  a  trace  of  manganic  salt  in  the  chloride  would  be  to 
lower  the  atomic  weight.  The  chloride  and  bromide  of  manganese 
are  both  not  only  very  hyg^roscopic,  but  if  fused  in  hydrochloric  acid 
gas  (or  hydrobromic  acid  in  the  case  of  the  bromide)  are  liable  to 
retain  traces  of  the  halogen  acids,  and  this  would  consequently  make 
the  atomic  weight  too  low. 

In  order  to  ascertain  the  values  of  the  atomic  weight  of  manganese 
which  result  from  careful  analysis  of  the  halogen  salts,  determina- 
tions were  made  of  the  molecular  weights  of  chloride  and  bromide  on 
specimens  prepared  with  great  care.  The  number  found  for  the 
bromide  was  214*87,  and  for  the  chloride  125*825,  yielding  the 
respective  atomic  weights  of  manganese  of  54*97  and  54*91.  All 
researches  on  the  oxides  of  manganese  have  shown  that  they  are  all 
difficult  to  obtain  in  anything  like  a  definite  form,  with  perhaps  the 
exception  of  the  protoxide. 

It  occurred  to  us  that  the  analysis  of  silver  permanganate  might  be 
employed  with  advantage,  as  this  salt  is  found  in  a  very  definite  state, 
and  can  be  easily  freed  from  all  the  allied  metals.  The  selection  of 
this  substance,  moreover,  involved  only  the  atomic  weights  of  silver 
and  oxygen,  and  as  it  seemed  feasible  to  deduce  the  atomic  weight 
of  the  manganese  directly  from  the  percentage  loss  of  oxygen  on 
heating,  we  expected  to  get  very  accurate  results.  In  this  we  were 
disappointed,  as  we  have  not  been  able  to  obtain  concordant  results 
by  this  most  direct  method. 

Table  I. 


I.... 
n  .. 
in.. 

IV.. 
V... 

Weight  of  silver 
permanganate. 

Weight  of  residue. 
Ag  +  MnO. 

Oxygen 

lust. 

a 

1 

In  air 

Inyacuo. 

In  air. 

In  vacuo. 

5*8688 

5-4981 

7  -6725 

13-0997 

12  5782 

5-8696 

5*4988 

7-6735 

13 -10147 

12  -5799 

4-6320 

4-3358 

6-0538 

10-8179 

r 9 -9104 

t 9 -9141 

4*63212 
4-33591 
6  -06395 
10  -31815 
9-91065 
9-91435 

1  -23748 
1  -16293 

1  -61959 

2  -78332 
2  -66925 
2  -66555 

227  -673 

226  -965 

227  -422 
2>5  943 
226  -22 
226-53 
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Table  I  gives  the  results  of  the  direcfc  determination  of  the 
equivalent  of  the  permanganate  of  silver  by  redaction  in  hydrogen. 

The  silver  permanganate  was  heated  in  a  bulb  of  hard  glass,  first 
in  a  current  of  pure  air  and  then  in  hydrogen,  at  a  red  heat,  until  the 
resulting  mixture  of  silver  and  oxide  of  manganese  had  a  constant 
weight.  The  residue  was  allowed  to  cool  in  hydrogen,  which  was 
finally  displaced  by  nitrogen  before  weighing.  The  results  obtained 
by  this  method  show  great  variation,  the  errors  being  probably 
due  to  the  occlusion  of  hydrogen  and  the  suspension  of  some 
oxide  of  manganese  in  the  oxygen  evolved.  The  method  finally 
employed  was  to  dissolve  the  permanganate  of  silver  in  dilute  nitric 
acid  in  presence  of  various  reducing  agents,  such  as  sulphurous  acid, 
sodium  formate,  and  potassium  nitrite.  The  silver  was  then  deter- 
mined by  adding  very  nearly  an  equivalent  quantity  of  pure 
potassium  bromide,  and  titrating  the  small  amount  of  silver  remain- 
ing in  solution,  by  means  of  very  dilute  potassium  bromide,  contiun- 
ing  about  1'19  mgrms.  of  the  pure  salt  per  gramme  of  solution. 
The  solutions  were  in  all  cases  weighed,  thus  avoiding  errors  due  to 
fluid  expansion,  fauliy  graduation  of  burettes,  &c.  The  titrations 
were  performed  in  yellow  light  in  an  apparatus  similar  to  that  used 
by  Stas,  and  with  all  the  precautions  insisted  on  by  him  as  essential 
to  the  accuracy  of  such  determinations. 

The  permanganate  of  silver  crystallises  readily  from  warm  water, 
and  is  a  very  stable  salt.  It  is  also  quite  anhydrous  and  not  in  the 
slightest  degree  hyg^scopic.  From  its  small  solubility  it  is  easily 
freed  from  adhering  impurities  by  recrystallisation.  The  purity  of 
the  salt  was  tested  by  reducing  about  5  grms.  by  means  of  alcohol  and 
filtering,  when  the  total  residue  only  weighed  1'9  mgrms.  This 
residue  when  tested  with  the  spectroscope  was  found  to  consist  almost 
entirely  of  calcium  salts  from  an  accidental  impurity  in  the  distilled 
water,  only  the  faintest  trace  of  potassium  being  detected.  The  sample 
which  was  tested  in  this  way  had  only  been  recrystallised  once  after 
precipitation.  The  salt  was  usually  prepared  by  the  precipitation  of 
silver  nitrate  by  means  of  an  equivalent  quantity  of  potassium  per- 
manganate, the  solutions  being  warm,  and  the  silver  permanganate  thus 
obtained  in  fine  needles,  was  easily  drained,  washed,  and  reciystallised. 
A  quantity  of  the  salt  was  also  prepared  from  crystallised  barium 
permanganate,  which  was  made  from  barium  chloride  and  silver  per- 
manganate, the  barium  salt  being  afterwards  decomposed  with  pure 
silver  sulphate.  This  method  of  preparing  the  permanganate  of  silver 
ensures  the  absence  of  any  trace  of  silver  nitrate,  which  as  Stas  has 
shown  adheres  most  persistently  to  many  silver  salts. 

Permanganate  of  silver  has  several  very  important  advantages  over 
the  other  bodies  previously  used  for  the  determination  of  the  atomic 
weight  of  manganese.     Its  freedom  from  hygroscopic  properties  and 
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the  improbabiliiy  of  its  containing  excess  of  any  of  the  elements  of 
which  it  is  composed  beyond  what  is  necessary  for  the  formation  of 
the  normal  compound,  recommend  it  especially  for  this  pnrpose. 
Another  point  which  rendered  its  selection  important  was  to  ascertain 
if  a  body  liable  to  partial  decomposition  nnder  certain  circumstances 
could  give  concordant  results  in  atomic  weight  determinations,  thus 
putting  to  a  crucial  test  the  amoant  of  variation  in  the  values  which 
may  be  attributed  to  secondary  causes. 

Table  II  gives  the  results  of  the  titrations.  The  use  of  sulpharous 
add  as  the  reducing  agent  was  found  unsatisfactory,  as  a  slight 
residue  having  the  appearance  of  sulphide  was  almost  always  left 
undissolved.  The  production  of  sulphate  was  also  more  or  less 
troublesome  from  its  insolubility. 

Table  II. 


AgHii04. 

KBr. 

Equiya- 

No. 

AgMii04. 

Corrected 

KBr. 

Corrected 

lent  of 

Beduciog  agent. 

for  yacuo. 

for  yacuo. 

AgMnO^. 

1 

1    1 

6-528 

6-5289 

8-4228 

3-42385 

227-091 

Sulphurous  Acid. 

1    2 

7*5368 

7-5378 

3-9541 

3-9553 

226-958 

Nitrite  of  Potash. 

'    3 

6  1000 

6  1008 

8-20067 

3-20166 

226-937 

19                           *9 

i    4 

5-7457 

6-74647 

8-00684 

3-00677 

227-606 

Sulphurous  Acid. 

5 

6  1651 

6-16593 

8-23603 

3-23602 

226-918 

Formate  of  Soda. 

6 

5-1126 

5 -11329 

2-68216 

2-6828 

226-984 

)>             » 

7 

6  0737 

6-07488 

2-6614 

2-66204 

227  013 

Nitrite  of  Potash. 

8 

18-4466 

13-4484 

7-05385 

7-05602 

226-983 

)t                          9» 

9 

12-5782 

12-6799 

6-59861 

6-60065 

226-972 

Hydrogen. 
Nitrite  of  Potash. 

10 

12-2686 

12-27025 

6-4361 

6-43808 

226-976 

Experiments  (6)  and  (7)  were  made  with  a  sample  obtained  from 
the  barium  salt,  and  these  results  are  shghtly  higher  owing  to  the 
presence  of  a  small  trace  of  barium  sulphate  easily  recognisable  by 
the  slight  turbidity  of  the  reduced  solution.  We  had  hoped  by  the 
use  of  a  larger  quantity  of  material  to  arrive  at  results  comparable 
in  some  degree  at  least  with  those  of  Stas ;  but  we  found  the  pre- 
paration of  considerable  quantities  of  material  of  absolute  purity  fre- 
quently involves  sources  of  error  not  incurred  in  the  production  of 
smaller  quantities.  This  we  observed  especially  in  the  preparation  of 
our  pure  potassium  bromide,  which  contained  traces  of  sulphates  in 
every  sample.  This  sulphate  is  due  to  the  use  of  ordinary  gas  in  the 
ignition  of  the  pure  bitartrate  of  potash  from  which  the  bromide  of 
potassium  was  made.  In  order  to  get  a  pure  product  gas  must  be 
replaced  by  a  powerful  flame  of  alcohol,  or  all  the  operations  conducted 
in  a  muffle. 

The  mean  atomic  weight  of  manganese  which  results  from  the 
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average  of  tlie  eight  determinations  in  which  snlphnrons  acid  was  not 
-employed  as  the  reducing  agent  is  55*038,  oxjgen  being  taken  as  16 
and  silver  as  Stas's  value  107*93. 

Thus  another  element  is  added  to  the  list  of  those  whose  atomic 
weights  have  been  found  on  revision  to  be  exceedingly  near  whole 
numbers. 

Further  details  and  discussion  must  be  reserved  for  another  com- 
munication. 


February  22, 1883. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  order^ 
for  them. 

The  following  Papers  were  read : — 

I.  "  The  EflFects  of  Temperature  on  the  Electromotive  Force 
and  Resistance  of  Batteries."  By  William  Henry  Preece. 
F.R.S.,  Received  February  8, 1883. 

It  is  well  known  that  heat  influences  the  conditions  of  galvanic 
^elements  so  as  to  vary  the  strength  of  the  currents  generated  by  them 
in  those  parts  of  the  circuits  connecting  their  poles. 

In  1840  De  la  Rive*  found  that  the  action  of  a  galvanic  pair  was 
accelerated  when  it  was  put  into  hot  fluid  instead  of  cold  fluid,  and  he 
attributed  the  result  to  increased  chemical  affinity. 

Faradayt  repeated  De  la  Rive's  experiment,  but  he,  on  the  other 
hand,  attributed  the  result  to  improved  conductivity  in  the  liquid, 
and  he  showed  that  the  effect  was  not  due  either  to  motion,  to 
chemical  action,  or  to  thermo-electric  action,  or  indeed  to  any 
increase  in  the  electromotive  force. 

Daniell,^  also,  found  an  increased  current  due  to  increased  tempera- 
-ture.  According  to  him,  one  of  his  elements  was  nearly  trebled  in 
strength  when  raised  to  212°  F.  Ho  attributed  the  effect  to  the 
increased  energy  of  the  affinity.  Said  he,  *'  Changes  of  temperature 
^ven  have  a  marked  influence  upon  the  working  of  the  voltaic  battery, 
and  must  not  be  neglected  in  nice  comparative  experiments." 

J.  B.  Gooke§  made  careful  observations  on  the  chemical  affinity  in  a 

•  "  Ann.  Chem.,"  1828,  xxxvii,  p.  242. 
t  *'  Researches,**  17tli  Series,  §§  1925-26. 
X  **  Chemical  Philosophy,"  p.  606. 
§  «  PhiL  Mag.,"  1861,  p.  95. 
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galranic  cell,  and  indicated  the  error  due  to  changes  of  temperature, 
bat  he  remarked,  "  These  affinities  do  not  appear  to  be  affected  by  anj 
changes  of  temperature  between  ranges  of  50^  and  212^  F." 

Crova  investigated  the  effects  of  heat  on  the  electromotiye  force 
alone,  and  he  showed  (1)  that  the  electromotive  force  of  a  Daniell's 
element  decreases  regularly  with  an  increase  of  temperature ;  (2)  that 
the  electromotive  force  of  a  Qrove's  element  increases  with  tempera- 
ture ;  (3)  that  the  electromotive  force  of  a  single-fluid  element  of  the 
Smee  tjpe  is  independent  of  the  variation  of  temperature. 

In  1862  Mr.  James  Dixon  took  advantage  of  the  influence  of  heat 
to  take  out  a  patent  for  hot  batteries,  and  he  suggested  the  employ- 
ment of  these  batteries  for  the  production  of  the  electric  light. 

In  the  same  year  (1862)  Lindig*  indicated  a  variation  with 
changes  of  temperature. 

In  1870  Bleekrodef  made  some  further  experiments  in  the  same 
direction. 

In  1872  Mr.  Latimer  GlarkJ  showed  that  the  electromotive  force 
of  his  standard  cell  varied  inversely  with  temperature  about  *06  per 
cent,  for  each  degree  Centigrade. 

In  1881  Herwig§  investigated  the  subject  carefully,  and  showed 
that  polarisation  diminishes  with  temperature.  He  found  that 
resistance  decreased  markedly  with  temperature,  and  that  this  was 
more  evident  with  small  electromotive  forces  than  with  powerful 
electromotive  forces. 

In  1878  the  author||  in  investigating  the  peculiar  action  of  Byrne's 
pneumatic  battery,  showed  that  its  exceptional  power  was  due  to  an 
abnormal  formation  of  heat  in  its  interior,  and  that  this  acted, 
principally,  in  reducing  the  internal  resistance. 

As  bearing  indirectly  also  upon  this  question  it  should  be  noted  that 
Becquerel,  Paalzow,  and  Kohlrausch  and  Nippoldt  examined  the 
influence  of  heat  upon  the  resistance  of  electrolytes,  and  showed  that 
it  invariably  diminished  as  the  temperature  rose.  This  was  deter- 
mined by  them  for  various  solutions. 

Now  it  is  to  be  observed  that  in  all  these  enquiries  no  one  has 
quantitatively  separated  the  influence  of  temperature  upon  electro- 
motive force  from  its  influence  upon  internal  resistance.  It  is  quite 
evident,  from  an  examination  of  Ohm's  law,  that  the  variation  in  the 
strength  of  current  can  be  the  result  either  of  a  variation  in  the 
electromotive  force  alone  or  in  a  variation  of  the  resistance  alone,  or 
in  an  unequal  variation  of   both  together.     The  numerous  discre- 

•  "  PhiL  Mag.,"  1865, 1,  p.  408. 
t  "  PhiL  Mag.,"  1870,  p.  310. 
J  «  Phil.  Trans.,"  1873. 
§  «  Ann.  Phys.,"  B.  XI,  H.  4,  No.  12,  p.  661. 
II  "  Proc.  Soc.  Telegraph  Engineers,"  1878. 
VOL.  XXXT.  B 
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pancies  tliat  liave  appeared  in  the  measurements  of  the  behavionr  of 
the  Daniell's  cell,  as  well  as  the  erratic  performance  of  batteries 
used  for  telegraphic  purposes  in  various  exposed  positions,  have  long 
attracted  the  attention  of  the  author  to  the  necessity  of  a  more  careful 
enquiry  into  this  matter  than  has  been  made  hitherto.  In  fact,  all  the 
obseryations  that  have  hitherto  been  made  are  positively  useless,  from 
the  simple  fact  that  no  record  has  been  kept  of  the  independent 
variations  of  the  internal  resistance  and  the  electromotive  force  in 
any  measurable  or  comparable  manner. 

Special  apparatus  was  made,  and  the  following  method  of  experi- 
menting was  decided  upon. 

The  cell  to  be  experimented  upon  was  placed  inside  a  cylindrical 
copper  vessel  about  10  inches  high  and  about  8  inches  diameter; 
water  was  poured  into  the  vessel  to  within  an  inch  of  the  top  of  the 
cell,  and  the  lid  of  the  vessel  was  put  on. 

This  lid  had  four  holes,  two  (insulated  from  the  rest  of  the  vessel) 
to  receive  the  electrodes  of  the  cell,  and  the  other  two  to  allow  ther- 
mometers to  be  plunged  into  the  liquid  or  liquids  in  the  cell  without 
removing  the  cover  or  lid.  The  water  in  the  vessel  and  the  cell  in 
the  water  were  then  heated  by  metuis  of  a  gas-burner  placed  under- 
neath the  vessel,  and  the  electromotive  force  and  the  resistance  of  the 
cell  were  determined  at  various  stages  of  the  heating;  while  the 
temperature  of  the  cell  was  observed  at  the  time  of  each  experiment, 
the  liquid  or  liquids  in  the  cell  were  stirred  up  from  time  to  time  so 
as  to  obtain,  as  far  as  possible,  the  true  temperature  of  the  cell. 

The  cells  experimented  upon  were  the  Daniell,  bichromate,  and 
Leclanch^ ;  those  in  general  use,  especially  for  telegraph  purposes. 

The  Daniell  cell  consists  of  a  porous  pot,  containing  a  solution  of 
copper  sulphate,  and  placed  in  a  stoneware  vessel,  containing  a 
solution  of  zinc  sulphate.  In  the  porous  pot  is  immersed  a  copper 
plate,  bent  so  as  to  form  a  hollow  cylinder,  to  which  is  soldered  a 
copper  wire,  which  constitutes  one  pole  of  the  cell.  A  zinc  plate, 
also  bent  into  a  cylindrical  form,  is  placed  in  the  outer  cell,  and  has  a 
copper  wire  soldered  to  it,  constituting  the  other  pole  of  the  celL  The 
zinc  is  not  amalgamated. 

Two  forms  of  the  bichromate  cell  were  experimented  on,  the  one 
being  that  known  as  Puller's  bichromate  cell,  and  the  other  that 
known  as  single-fluid  bichromate  cell.  The  double-fluid  cell  (Fuller's) 
consists  of  a  stoneware  jar  of  a  quart  size.  Inside  this  is  placed  a 
porous  pot,  in  which  the  zinc  is  placed ;  the  negative  plate,  which  is 
of  carbon,  is  placed  in  the  outer  jar;  the  zinc  is  cast  in  the  form  of 
a  short  truncated  cone.  It  is  cast  on  a  stout  copper  wire,  both  are 
well  amalgamated ;  and  the  plate  is  surmounted  by  a  terminal.  In 
the  outer  jar  is  placed  3  ozs.  of  bichromate  of  potassium  and  4  ozs.  of 
sulphuric  acid.     In  the  inner  pot  is  placed  2  ozs.  of  mercury.     Both 
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«re  then  filled  up  to  within  2  inches  of  the  top  with  a  weak  acid 
eolation  (one  part  of  sulphuric  acid  to  nine  parts  of  water). 

The  single-fluid  bichromate  cell  is  no  more  than  the  cell  just 
described,  in  which  are  placed  nothing  but  a  rod  of  amalgamated  zinc 
«nd  a  plate  of  carbon,  each  forming  a  pole  of  the  cell. 

The  Leclanch6  cell  is  made  thus : — Into  a  glass  jar  a  solution  of  the 
ordinary  commercial  sal-ammoniac  is  poured.  A  zinc  rod  or  plate 
into  which  a  connecting  tinned  iron  wire  has  been  cast,  is  then 
placed  in  the  solution,  and  a  plate  of  carbon  surrounded  bj  a  mixture 
of  broken  gas-carbon  or  coke  and  peroxide  of  manganese,  is  fixed 
in  a  small  porous  pot  at  the  top  of  the  jar.  To  make  an  attach- 
ment for  the  terminal,  the  top  of  the  carbon  plate  is  capped  with  lead, 
which  makes  good  contact  with  the  carbon  and  is  not  liable  to  bo 
-attacked  hj  ammonia.  The  carbon  plate  is  then  dipped  in  melted 
paraffin,  to  fill  up  its  pores  and  to  check  the  ascension  of  the  liquid 
hy  capillary  action.  Lastly,  the  wire,  the  top  of  the  zinc  rod,  and  the 
lead  cap  of  the  carbon  plate  are  covered  with  pitch,  ozokerit,  marine 
glue,  or  some  other  compound  to  protect  them  from  local  action. 

The  results  of  the  experiments  are  given  in  the  tables  below,  in 
which  the  electromotive  force  (e)  is  given  in  terms  of  that  of  a 
Daniell  cell  (a  standard  cell)  in  good  order  and  at  about  14°  C,  and 
the  resistance  is  given  in  B.A.  units.  The  experiments  were  conducted 
for  me  by  Mr.  B.  Shida  with  great  care  and  patience.  Of  the  Tables 
I,  II,  and  III,  which  contain  the  results  of  the  experiments  on  the 
Daniell  cell,  the  first  two  tables  refer  to  the  case  where  the  solution  of 
copper  sulphate  was  saturated  at  all  temperatures  (that  is  to  say,  the 
•crystals  of  copper  sulphate  were  always  present  in  the  solution)  and 
the  solution  of  zinc  sulphate  was  kept  the  same,  or  nearly  the  same,  in 
strength  (that  is,  the  solution  was  saturated  at  about  l^"*  G.) ;  Table  III 
refers  to  the  case  where  both  copper  sulphate  and  zinc  sulphate  solutions 
were  kept  unaltered  or  nearly  so  in  strength  during  the  experiment 
{that  is  to  say,  they  were  both  saturated  at  about  10°  C).  Table  IV 
contains  the  results  for  the  double-fiuid  bichromate  ;  Table  Y  those  for 
the  single-fluid  bichromate ;  and  Table  YI  those  for  the  Leclanch6. 

(I,)  Thb  Electbomotive  Foeob. 

(a.)  The  Daniell  OeZZ.— Tables  I,  II,  and  III  show  that,  as  the  cell 
was  heated  up  from  a  comparatively  low  temperature  to  a  higher  and 
higher  temperature,  the  electromotive  force  of  the  Daniell  cell  de- 
creased rather  abruptly  at  first,  but  more  gradually  afterwards,  until, 
at  a  certain  temperature  it  began  to  increase  and  continued  to  do  so  till 
ihe  temperature  attained  that  of  the  boiling  point  of  water ;  but  that 
(which  is  rather  singular)  the  electromotive  force  remained  unaltered^ 
or  nearly  so,  while  the  ceQ  was  being  cooled  down  from  100**  C.  to  a 
lower  and  lower  temperature.     These  peculiar  results  (together  with 
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the  fact  that  whereas  the  temperature  of  the  zinc  cell  rose  faster  than 
that  of  the  copper  cell  while  being  heated  up,  the  former  cooled  faster 
than  the  latter  while  cooled  down  from  a  high  tempei*atnre  [say 
100°  C.]),  tend  to  indicate  that  the  diminution  in  the  electromotive 
force  of  the  cell  at  the  beginning  of  the  experiment  was  greatly,  if  not 
chiefly,  due  to  the  thermo-electric  action  which  must  have  been  set  up 
in  the  circuit. 

(6.)  The  Bichromate  Cell, — It  will  be  seen  from  the  Tables  IV  and 
Y  that  the  electromotive  force  of  the  bichromate  (both  the  double- 
fluid  and  the  single-fluid  cell),  diminished  regularly  when  the  tempe- 
rature  was  made  higher  and  higher,  and  increased  regularly  when 
the  temperature  was  made  lower  and  lower.  The  regular  diminution 
by  rise  and  regular  augmentation  by  fall  of  temperature  of  the  electro- 
motive force  (at  least  when  the  range  of  temperature  was  between 
0®  C.  and  100°  C),  was  very  much  greater  in  the  case  of  the  single- 
fluM  bichromate  than  in  the  case  of  the  double-fluid  bichromate.  In 
the  case  of  the  first,  the  electromotive  force  at  100^  G.  was  as  much 
as  about  6  per  cent,  lower  than  that  at  about  14°  C. ;  whereas  in  the 
case  of  the  second,  the  electromotive  force  at  100°  C.  was  only  about 
1*6  per  cent,  lower  than  at  19°  C. 

(c.)  The  Lecla/nchS  OeM.— The  Table  VI  shows  that  the  electro- 
motive force  of  the  LeclanchS  varied,  when  the  temperature  was  varied, 
so  slightly,  if  at  all,  that  it  was  difficult  to  observe  the  variation  by 
the  method  used. 

(II.)  The  Internal  Resistance. 

The  results  obtained  for  the  resistances  of  the  various  kinds  of  cells 
are  more  striking  and  more  interesting  than  those  for  the  electro- 
motive force,  as  will  be  quite  evident  from  the  tables.  They  will, 
however,  be  understood  more  readily  from  the  graphical  representa- 
tions of  the  results  by  means  of  curves  (in  the  Diagrams  I,  II,  and 
III)  in  which  the  abscisses  are  proportional  to  the  resistances  in  B.A. 
units,  and  the  ordinates  to  the  temperatures  in  degrees  Centigrade. 

(a.)  The  Baniell  Cell. — The  curves  in  the  Diagram  I  represent  the 
results  for  the  Daniell,  the  curve  ABODE  corresponding  to  the  case 
(Table  II)  in  which  the  copper  sulphate  solution  was  kept  saturated 
at  all  temperatures,  while  the  zinc  sulphate  solution  was  kept  constant 
in  strength,  and  the  curve  ahcde  corresponding  to  the  case  (Table  III) 
in  which  both  solutions  were  kept  unaltered  in  strength  during  the 
experiments.  The  directions  of  the  arrows  indicate  the  order  of  the 
experiments.  For  instance,  in  the  curve  ABODE  the  portion  AB 
represents  the  result  obtained  while  the  cell  was  being  heated  up  from 
about  II*'  0.  to  nearly  the  boiling  point  of  water,  the  portion  BC  tliat 
obtained  while  the  cell  thus  heated  up  was  being  cooled  down 
from    100°   0.  to  about   12°   C;   and,   lastly,  the  portion  DE  that 
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Tlie  resulte  thus  laid  down  by  means  of  the  curves  ABCDfi  and 
<>bcde  present  niany  points  of  interest.    These  curves  clearly  show  .— 

1°.  That  when  a  DanieU  cell  is  heated  from  a  low  temperature,  say 
O"  C.  up  to  a  high  temperature,  say  100°  C,  the  resistance  of  the 
oeU  decreases  rather  abruptly  at  first,  but  more  gradually  afterwards, 
foiling^  from  212  to  066  ohm,  or  more  than  one-third. 

2°.  That  when  the  cell  thus  heated  np  is  cooled  down,  the  resistance 
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increases,  but  increases  at  a  greater  rate  than  it  decreased  while  being 
heated ;  in  other  words,  the  resistance  of  a  Daniell  cell  at  any  tempe- 
rature (at  least  between  0°  C.  and  100**  C.)  is  smaller  before  it  is 
heated  up  to  a  high  temperature  than  afterwards,  provided  the 
heating  and  cooling  be  done  not  very  slowly. 

3**.  That  if  the  cell  thus  cooled  down  be  left  undisturbed  at  a  certain 
temperature,  the  resistance  of  the  cell  gets  less  and  less,  till,  at  last,  at 
the  end  of  a  certain  period  (which  will  be  from  about  40  to  50  hours), 
it  gets  down  to  the  value  which  it  had  before  being  heated  up  at  all. 

4°.  And,  lastly,  that  the  resistance  of  a  Daniell  cell  is  considerably 
less  when  the  solution  of  the  copper  sulphate  is  more  concentrated 
than  when  it  is  less  concentrated,  at  any  temperature,  and  under 
otherwise  exactly  similar  circumstances. 

(6.)  The  Bichromate  Cell. — ^The  results  for  the  bichromate  are  not 
quite  BO  remarkable,  nor  are  they  so  interesting  as  those  foi*  the 
Daniell  cell,  as  will  be  seen  on  comparing  the  curves  in  the  Diagram  I 
with  those  in  the  Diagram  II,  but  the  fall  of  resistance  i& 
nevertheless  very  striking.  In  the  case  of  the  double-fluid  bichromate 
the  curve  HK  of  resistance  obtained  while  the  cell  was  being 
lieated  up,  differs  so  slightly  from  the  curve  KL  obtained  while 
it  was  being  cooled  down,  that  the  one  is  hardly  distinguishable  from 
the  other.  The  difierences  in  fact  may  be  attributed  more  to  errors 
of  observation  than  to  anything  else.  Yet,  if  there  should  be  any 
difference  in  the  resistance  in  the  two  cases,  it  is  one  opposite  in 
character  to  that  found  in  the  case  of  the  Daniell  cell. 

The  probability  of  the  existence  of  this  difference,  as  indicated  by 
the  curve  HKL,  is  supported  by  the  results  shown  by  means  of  the 
curve  hlh^  for  the  single-fluid  bichromate  cell.  Every  point  of  the 
portion  hic  of  the  curve  obtained  while  heating  the  cell  up,  lies  con- 
siderably higher  than  the  corresponding  point  in  the  portion  kl 
obtained  while  cooling  it  down ;  that  is  to  say,  the  resistance  of  the 
single-fluid  bichromate  cell  at  any  temperature  is  greater  before  than 
after  it  has  been  heated  up. 

(c.)  The  Leclanche  Cell. — Very  little  remains  to  be  said  of  the 
curve  PQR  in  the  Diagram  III,  which  represents  the  results  for 
the  Leclanche  cell-  The  general  character  of  the  curve  PQR  bears  a 
strong  resemblance  to  the  curve  HKL ;  in  other  words,  the  resistance 
of  the  Leclanche  diminishes  with  the  rise  and  increases  with  the  fall 
of  temperature  at  nearly  the  same  rate  ss  the  resistance  of  the  double- 
fluid  bichromate  cell  does.  And,  moreover,  it  is  a  matter  of  difficulty 
to  say  with  certainty,  in  the  case  of  the  Leclanche  as  in  the  case  of 
the  double-fluid  bichromate,  whether  or  not  the  curve  of  resistance 
obtained  while  being  heated  up  coincides  with  the  curve  of  resistance 
obtained  while  being  cooled  down,  because  the  part  RQ  is  so  nearly 
coincident  with  the  part  PQ  of  the  curve  PQR,  that  any  slight  errora 
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iQ  tho  obseryations  may  liave  cansed  tlie  non-ooincidence  between 
\  the  two  parts. 


<  2 


It  follows  from  these  experiments  that  changes  of  temperature  do 
not  practically  affect  electromotive  forces,  but  that  they  materially 
affect  the  internal  resistances,  of  cells.  Faraday's  observation  is  fully 
confirmed,  while  Darnell's  mistake  is  easily  understood  if  he  employed, 
as  lie  probably  did,  a  galvanometer  of  low  resistance. 

It  also  follows  that  of  the  various  forms  of  batteries  in  practical 
nse  the  Daniell  is  most  seriously  influenced  by  variations  in  tempera- 
ture, and  that  in  all  experiments  with  that  battery,  either  the  tempe- 
rature must  be  kept  constant,  or  frequent  measurements  should  be 
taken  of  its  internal  resistance  and  allowance  made  for  the  variation. 
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Received  Februaiy  20, 1883. 

Note, — The  method  adopted  to  measure  the  electromotive  force  and 
the  resistance  of  the  different  cells  was  veiy  simple,  and,  as  it  is 
believed  to  be  very  accurate  and  free  from  any  of  the  disturbing 
influences  due  to  polarisation,  a  description  of  it  may  be  useful. 

The  charge  or  discharge  of  a  small  condenser  through  a  galvano- 
meter of  comparatively  low  resistance  is  an  accurate  measure  of  the 
electromotive  force  present,  for  the  current  is  practically  instantaneous, 
%nd  therefore  the  whole  quantity  present  acts  as  a  halista  upon  the 
needle. 

In  the  figure  C  is  a  condenser  of  *3-microfarad  capacity,  G  a  sensi- 
tive reflecting  galvanometer,  b  the  cell  to  be  measured,  r  a  shunt  of 
small  resistance,  and  Kj  and  K^  simple  keys. 


The  condenser  is  first  charged  with  a  standard  Daniell  cell  and  the 
charge  deflection  (D)  noted.  The  standard  cell  is  then  replaced  by  the 
cell  &  to  be  examined,  and  the  charge  deflection  (d)  produced  by  it 
noted.  The  key  K^  is  then  depressed  (K^,  which  had  been  previously 
depressed  to  charge  the  condenser,  being  still  held  down),  and  the 
cell  is  thus  shunted  through  r.  The  electromotive  force  affecting  the 
condenser  is  thus  reduced  and  a  discharge  {d')  is  noted— the  deflection 
being  in  the  reverse  direction. 

Now  if  6  be  the  resistance  of  the  cell  under  test,  then 

This  particular  mode  of  measuring  was  devised  by  Mr.  H.  B. 
Kempe  and  modified  by  Mr.  Munro.  Condensers  are  much  used  in 
telegraphy  for  measuring  electromotive  forces.  [Vide  Kempe's 
"  Handbook  of  Testing,"  p.  195.] 
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n.  "  Preliminary  Note  on  the  Action  of  Calcium,  Barium,  and 
Potassium  on  Muscle."  By  T.  Lauder  Brunton,  M.D., 
F  Jl,S.,  and  Theodore  Cash,  M.D.  Received  February  13, 
1883. 

It  has  been  shown  by  Binger  that  calcium  prolongs  the  contraction 
-of  the  frog's  heart.  This  prolongation  is  diminished  by  the  subse- 
quent addition  of  potash. 

It  occurred  to  us  that  calcium  and  potassium  salts  might  exercise  a 
similar  action  on  voluntary  muscle.  On  trying  it,  we  found  this  to  be 
the  case.  Calcium  in  dilute  solution  prolongs  the  duration  of  the 
contraction  in  the  gastrocnemius  of  the  frog.  Potassium  salts  subse- 
-quently  applied  shorten  the  contraction.  We  have  been  led  to  try  the 
effect  of  barium  on  muscle  by  considerations  regarding  the  relations  of 
groups  of  elements,  according  to  Mendelejeff's  classification,  to  their 
physiological  action.  These  considerations  we  purpose  to  develop  in 
•another  paper.  The  efEect  of  barium  is  very  remarkable.  It  produces 
a  curve  very  much  like  that  caused  by  veratria,  both  in  its  form  and 
in  the  modifications  produced  in  it  by  repeated  stimuli.  We  have 
found  that  the  veratria  curve  is  restored  by  potash  to  the  normal  in 
the  case  of  the  gastrocnemius,  just  as  Ringer  found  it  in  the  case 
•of  the  frog's  heart.  The  peculiarity  which  barium  produces  in  the 
gastrocnemius  is  also  abolished  by  potash.  We  have  tested  a  number 
■of  other  substances  belonging  to  allied  groups,  and  find  that  some  of 
them  have  a  similar,  though  not  identical,  action  with  barium.  The 
results  of  these  experiments,  as  well  as  the  general  considerations  to 
which  we  have  already  alluded,  we  purpose  to  discuss  in  another 
paper. 


HL  "  On  the  Formation  of  Uric  Acid  in  the  Animal  Economy 
and  its  relation  to  Hippuric  Acid."  By  Alfred  Baring 
Garrod,  M.D.,  F.R.S.     Eeceived  February  15,  1883. 

(Abstract.) 

The  results  which  have  been  arrived  at,  and  discussed  in  this  com- 
munication, may  be  summed  up  as  follows : — 

IntrodxicHon, — The  solubility  of  uric  acid  and  of  some  of  its  more 
important  salts  at  the  temperature  of  the  healthy  human  body  has 
been  determined  and  arranged  in  a  tabular  form.  These  figures  may 
be  useful  for  future  reference. 

The  action  of  urates  of  ammonium  and  sodium  upon  chlorides  and 
phosphates  of  the  same  bases,  when  mixed  with  each  other  in  different 
proportions,  has  been  ascertained. 
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Part  L — The  results  of  many  ^sh  observations,  which  have  been 
made  on  the  composition  of  the  urinary  excretion  in  several  of  th& 
lower  animals,  are  given. 

The  physical  and  microscopic  characters  of  the  semi-solid  urines  of 
birds  and  reptiles  and  invertebrata  have  been  investigated  at  length, 
and  it  is  shown  that  the  urate  is  always  in  the  form  of  spherule 
aggregates,  made  np  of  a  great  number  of  smaller  spherules;  that 
each  of  these  is  united  with  or  contained  in  a  cell  of  coUoid  matter, 
and  that  when  treated  with  water  and  weak  carbonated  alkaline 
solutions,  this  solid  urine  swells  up  to  very  many  times  its  original 
bulk. 

The  results  of  an  investigation  into  the  chemical  composition  of 
such  urates  are  stated  in  a  tabular  form. 

An  examination  of  the  blood  of  man  and  many  mammals  and  birds 
and  reptiles,  especially  in  relation  to  uric  acid,  has  been  made,  and  the 
results  are  given. 

PaH  JT. — The  different  views  as  to  the  origin  of  uric  acid  in  the 
animal  body  are  discussed,  and  an  endeavour  is  made  to  explain  the 
various  apparent  difficulties  of  the  subject.  The  following  points  are 
especially  dwelt  upon : — 

(a.)  The  very  yarying  amounts  of  uric  acid  thrown  out  by  different 
animals  in  relation  to  their  total  nitrogenised  elimination. 

(b.)  The  excessively  large  excretion  of  uric  acid  by  a  great  number 
of  the  lower  animals,  as  birds,  reptiles,  and  invertebrate  animals, 
compared  with  the  weight  of  their  bodies.  Under  this  head  it  is 
shown  that  whereas  man  excretes,  on  an  average,  rn^innr^^  P^^  ^^ 
his  weight  of  uric  acid  per  diem,  a  bird  often  excretes  as  much  as 
yl^th  part  of  its  weight  during  the  same  period ;  in  other  words,  a 
bird  throws  out  from  its  kidneys  during  a  given  time  a  thousand 
times  more  uric  acid  than  a  man. 

The  effect  of  uric  acid  and  its  salts  upon  the  urinary  excretion,  when 
introduced  into  the  animal  economy,  either  with  food  or  injected  into 
the  veins,  is  discussed,  and  it  is  shown  that  the  kidneys  do  not  possess 
the  power  of  filtering  uric  acid  from  the  blood  when  it  is  present  in 
that  fluid. 

The  different  conditions  in  which  uric  acid  is  found  in  the  kidneys 
and  urinary  excretions  under  varying  circumstances,  and  also  in  the 
blood  and  tissues  of  the  body,  are  dwelt  upon. 

The  presence  of  uric  acid  in  the  urinary  excretion  of  the  young  of 
the  herbivorous  mammal,  and  its  usual  absence  in  the  case  of  the 
adult  of  the  same  species,  are  inyestigated ;  it  is  also  shown  that, 
whereas  in  the  kidneys  ammonia  is  combined  with  the  acid,  in  the 
blood  it  is  found  as  urate  of  sodium,  as  also  when  deposited  in  the 
different  tissues  of  the  body.  This  latter  phenomenon  is  explained  in 
full. 
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The  amrmal  presence  of  nrio  acid  in  the  spleen,  liver,  and  other 
organs,  even  of  animals  in  which  the  urinary  excretion  is  nsnallj  free 
from  this  principle,  is  fallj  discussed  and  explained. 

An  investigation  into  the  mutually  destructive  influenoe  which  uric 
and  hippurio  acid  exert  upon  each  other  is  next  detailed,  and  it  is 
found  that  such  action  affords  a  clue  to  the  solution  of  many  of  the 
difficulties  of  the  subject. 

The  results  of  the  whole  investigation  appear  to  show  that  uric  add 
is  not,  as  is  commonly  supposed,  formed  in  the  animal  body  during 
the  progress  of  the  metabolism  which  is  constantly  going  on  in 
different  organs  and  tissues,  then  thrown  into  the  blood  and  afterwards 
filtered  or  strained  off  by  the  kidneys,  and  thus  finally  eliminated 
from  the  body ;  but  that  it  is  absolutely  formed  in  the  renal  organs 
themselves  by  the  action  of  peculiar  cells ;  that  it  probably  exists  in 
these  cells  as  the  urate  of  an  organic  base  yielding  ammonia,  or  as  a 
complex  organic  principle,  readily  splitting  op  into  uric  add  and 
ammonia;  that,  for  the  most  part,  it  is  excreted  as  such  urate, 
which,  however,  may  be  changed  into  urate  of  sodium,  or  any  other 
metallic  urate,  according  as  it  subsequently  meets  with  one  or  other 
salt ;  that,  probably,  there  is  always  a  trace  of  uric  add  absorbed  into 
the  blood  from  the  kidney-cells ;  but  that,  under  certain  circumstances, 
e.g.,  when  its  forward  progress  is  rendered  difficult  by  tying  the 
cloaca  or  the  ureters  of  animals,  or  when  other  obstruouve  causes 
such  as  occur  in  disease,  are  at  work,  the  absorption  into  the  blood 
becomes  greatly  increased,  and  it  is  then  converted  into  urate  of 
sodium,  on  account  of  its  then  meeting  with  large  amounts  of  the 
chloride  and  phosphate  of  that  metal ;  and  that  it  is  at  times 
deposited,  both  in  man  and  the  lower  animals,  in  different  structures, 
such  as  the  cartilaginous  and  fibrous  tissues,  in  the  form  of  crystal- 
lised urate  of  sodium. 

The  Appendioi  contains  the  details  of  many  experiments,  especially 
in  relation  to  the  destructive  influence  of  hippurates  and  benzoates 
upon  uric  acid ;  and  of  others  which  show  the  want  of  such  power  in 
the  case  of  glycine,  glucose,  glycerine,  and  other  substances. 
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for  them. 

In  pursuance  of  the  Statutes,  the  names  of  Candidates  recommended 
for  election  into  the  Society  were  read  from  the  Chair,  as  follows : — 


Aitchison,  James  Edward  Tiemey, 
Surgeon-Major,  M.D.,  F.R.C.S., 
F.R.S.E. 

AUman,  Professor  George  John- 
ston, LL.D. 

Baird,  A.  W.,  Major  R.B. 

Baxendell,  Joseph,  F.R.A.S. 

Bell,  James,  P.I.C. 

Browne,  James  Crichton,  M.D., 
LL.D.,  F.R.S.E. 

Browne,  Walter  Raleigh,  M.A., 
M.LC.E. 

Buchanan,  Professor  George, 
M.A.,  M.D. 

Burdett,  Henry  Charles,  F.L.S., 
F.S.S. 

Colomb,  Philip  H.,  Captain  R.N. 

Creak,  Ettrick  William,  Staff 
Commander  R.N. 

Cunningham,  Allan  Joseph 
Champneys,  Major  R.E. 

Curtis,  Arthur  Hill,  A.M.,  LL.D., 
D.Sc. 

Dobson,  George  Edward,  Surgeon- 
Major,  M.A.,  M.B.,  F.L.S. 
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Walker,  Jolm  Jamea,  M.A. 
Warren,  Charles,  C.M.Q.,  Major 
R.E. 

The  following  Paper  was  read: — 


Watson,  Professor  Morrison,  M.D. 
Williams,  Charies  Theodore,  M.  A., 
M.D.,  P.R.C.P. 


I.  ^  CoDtributions  to  the  Chemistry  of  Storage  Batteries."  By 
E.  Frankland,  D.C.L.,  F.R.S.  Received  February  21, 
1883. 

L  Chemical  Beactions. — The  chemical  changes  occnrring  during 
the  charging  and  discharging  of  storage  batteries  have  been  the 
subject  of  considerable  difference  of  opinion  amongst  chemists  and 
physicists.  Some  writers  beUeve  that  mnch  of  the  storage  effect 
depends  upon  the  occlusion  of  oxygen  and  hydrogen  gases  by  the 
positive  and  negative  plates  or  by  the  active  material  thereon,  some 
contend  that  lead  sulphate  plays  an  important  part,  whilst  others 
assert  that  no  chemical  change  of  this  sulphate  occurs  either  in  the 
charging  or  discharging  of  the  plates. 

To  test  the  first  of  these  opinions,  I  made  two  plates  of  strips  of 
thin  lead  twisted  into  corkscrew  form,  and  after  filling  the  gutter  of 
the  screw  with  minium,  so  as  to  form  a  cylinder  that  could  be  after- 
wards introduced  into  a  piece  of  combustion-tubing,  these  plates  were 
immersed  in  dilute  sulphuric  acid  and  charged  by  the  dynamo- 
current  in  the  usual  manner.  The  charging  was  continued  until  the 
whole  of  the  minium  on  the  -f  and  —  plates  respectively  was  con- 
verted into  lead  peroxide  and  spongy  lead,  and  until  gas  bubbles 
streamed  from  the  pores  of  the  two  cylinders. 

After  removal  from  the  acid  the  plates  were  superficially  dried  by 
filter-paper,  and  immediately  introduced  into  separate  pieces  of  CQm- 
bustion-tubing  previously  drawn  out  at  one  end,  so  as  to  fortn  gas 
delivery  tubes.  The  wide  ends  of  these  tubes  were  then  sealed  before 
the  blowpipe,  care  being  taken  not  to  allow  the  heat  to  reach  the 
enclosed  cylinders.  The  tube  containing  the  cylinder  of  reduced  lead 
was  DOW  gradually  heated  until  the  lead  melted,  the  drawn-out  end 
of  the  tube  meanwhile  dipping  into  a  pneumatic  trough.  The  gas 
expelled  from  the  tube  consisted  almost  exclusively  of  the  expanded 
air  of  the  tube  and  contained  mere  traces  of  hydrogen. 

The  tube  containing  the  cylinder  of  lead  peroxide  was  similarly 
treated,  except  that  the  heat  was  not  carried  high  enoagh  to  decom- 
pose the  peroxide.  Mere  traces,  if  any,  of  occluded  oxygen  were 
evolved. 

These  results  justify  the  conclusion  that  occluded  gases  play,  pi-acti- 
cally,  no  part  in  the  phenomena  of  the  storage  cell. 

With  regard  to  the  function  of  lead  sulphate  in  storage  batteries, 
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I  haye  observed  tbat  during  tlie  so-called  **  formation  "  of  a  storage 
,cel],  a  very  large  amount  of  snlpbnrie  acid  disappeam  from  the  liquid 
contents  of  the  cell :  indeed  sometimes  the  whole  of  it  is  withdrawn. 
The  acid  so  removed  mnst  be  employed  in  the  formation  of  insoluble 
lead  sulphate  upon  the  plates  which,  in  fact,  soon. become  coated  with 
a  white  deposit  of  the  salt,  formed  equally  upon  both  positive  and 
negative  surfaces.  This  visible  deposit  is,  however,  very  superficial, 
and  does  not  account  for  more  than  a  very  small  fraction  of  the  acid 
which  actually  disappears  from  solution.  The  great  bulk  of  the  lead 
sulphate  cannot  be  discovered  by  the  eye,  owing  to  its  admixture  with 
chocolate-coloured  lead  peroxide. 

Unless  the  coated  plates  have  been  previously  immersed  for  several 
days  in  dilute  sulphuric  acid,  this  disappearance  of  acid  during  their 
''  formation  "  continues  for  ien  or  twelve  days.  At  length,  however, 
as  the  charging  goes  on,  the  strength  of  the  acid  ceases  to  diminish 
and  soon  afterwards  begins  to  augment.  The  increase  Continues  until 
the  maiimnm  charge  has  been  reached  and  abundance  of  oxygen  and 
hydrogen  gases  begin  to  be  discharged  from  the  plates ;  that  is  to 
say,  until  the  current  is  occupied  exclusively,  or  nearly  so,  in  the 
electrolysis  of  hexabasic  sulphuric  acid  expressed  by  Burgoin  in  the 
following  equation . — 

filiminated  on  Uliiiuiiatsd  on 

+  plate.  —  pkte. 

f ' V 

SOeHe        =        SOj     -1-30-1-     SH,. 

Sulphuric  acid.    Sulphuric  anhjdride. 

Of  course  the  sulphuric  anhydride  immediately  combines  with  water 
and  regenerates  hexabasic  sulphuric  acid : — 

SOs-hSOHjsSOgHg. 

On  .discharging  the  cell,  the  specific  gravity  of  the  acid  continually 
decreases  until  the  discharge  is  finished,  when  it  is  found  to  have  sank 
to  about  the  same  point  from  which  it  began  to  increase  during  the 
charging.  Hence  it  is  evident  that,  during  the  discharge,  the  lead 
sulphate,  which  was  continuously  decomposed  in  charging,  was  con- 
tinuously reformed  in  discharging. 

The  chief  if  not  the  only  chemical  changes  occurring  during  the 
charging  of  a  storage  battery,  therefore,  appear  to  be  the  follow- 
ing :— 

1st.  The  electrolysis  of  hexabasic  sulphuric  acid  according  to  the 
equation  already  given. 

2nd.  The  reconversion  of  sulphuric  anhydride  into  sulphuric  acid. 

3rd.  The  chemical  action  on  the  coating  of  the  -|-  plate. 

SO^Pb     +     0  +  30Ha        =        PbOj        +        SOeH^. 
licad  sulphate.  Lead  peroxide.    Heiabanc  tulphuxic  add. 
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4th.  The  ohemioal  action  on  the  coating  of  the  negative  plate  :— 

SO^Pb     -f     Ha+20H3    =     Pb     +     SOeH^,. 
Lead  sulphate.  Hexabasic  sulphuric  acid. 

If  I  have  oorreotljr  described  these  changes,  the  initial  action  in  tbe 
charging  of  a  storage  cell  is  the  electrolysis  of  hexabasic  sulphuric 
acid,  each  molecule  of  which  throws  upon  the  positive  plate  three 
atoms  of  oxygen,  and  upon  the  negative  plate  six  atoms  or  three 
molecules  of  hydrogen.  Each  atom  of  oxygen  decomposes  one  mole- 
cule of  lead  sulphate  on  the  positive  plate,  producing  one  molecule  of 
lead  peroxide,  and  one  of  sulphuric  anhydride,  the  latter  instantly 
uniting  with  three  molecules  of  water  to  form  hexabasio  sulphuric 
acid. 

The  following  are  the  chemical  changes  which  I  conceive  to  occur 
during  the  discharge  of  a  storage  cell : — 

lat.  The  deotrolysis  of  hexabasic  sulphuric  acid  as  in  charging. 

2nd.  The  reconversion  of  sulphuric  anhydride  into  hexabasic  sul- 
phuric add  as  already  described. 

3rd.  The  chemical  action  upon  the  coating  of  what  was  before  the 
positive  plate  or  electrode,  but  which  now  becomes  the  negative  plate 
of  the  cell,  that  is  to  say,  the  plate  from  which  the  positive  current 
issues  to  the  external  circuit : — 

PbOjj     -h     Hj     =     PbO     -f     OHj. 
Lead  psvozide.  Lead  oxide.        Water. 

The  lead  oxide  thus  formed  is  immediately  converted  into  lead 
sulphate : — 

PbO + SOeHft=  SO^Pb + 30H,. 

4th.  The  chemical  action  upon  the  coating  of  what  has  now  become 
th^  positive  plate  of  the  cell : — • 

Pb+0-|-S0eHe=S0^Pb+30H,. 

Thus  in  discharging,  as  in  charging,  a  storage  cell,  the  initial  action 
is  the  electrolysis  of  hexabasic  sulphuric  acid.  The  oxygen  elimi- 
nated on  the  positive  plate  reconverts  the  reduced  metal  of  that 
plate  into  lead  oxide,  whilst  the  hydrogen  transforms  the  lead  per- 
oxide on  the  negative  plate  into  the  same  oxide,  which  in  both  cases 
is  immediately  converted  into  lead  sulphate  by  the  surrounding  sul- 
phuric acid,  thus  restoring  both  plates  to  their  original  condition 
before  the  charging  began. 

The  real  "  formation  "  of  the  cell  consists,  I  conceive,  in  the  more 
or  less  thorough  decomposition  of  those  portions  of  the  lead  sulphate 
which  are  comparatively  remote  from  the  cond  acting  metallic  nucleus 
of  the  plate.  Lead  sulphate  itself  has  a  very  low  conductivity,  whilst 
lead  peroxide,  and  especially  spongy  lead,  offer  comparatively  little 
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resistance  to  the  cnrrent,  wbicH  is  thus  enabled  to  bring  the  ontlying 
portions  of  the  coating  under  its  influence.  It  may  be  objected  that, 
during  tbe  discbarge,  the  work  of  formation  would  be  undone ;  but 
probably,  in  the  ordinary  use  of  a  storage  battery,  the  discharge  is 
never  completed.  Thus  I  have  found  that,  in  a  small  cell  containing 
two  plates  6"  x  2",  short  circuitmg  with  a  thick  copper  wire  for  twelve 
hours  was  far  from  producing  oomplete  discharge,  for  on  breaking 
this  short  circuit,  the  cell  instantly  rang  violently  an  electric  bell  with 
which  it  was  previously  connected.  In  ordinary  discbarges  of 
''  formed  "  cells,  therefore,  the  lead  sulphate  on  the  positive  and  nega- 
tive plates  still  remains  mixed  with  suflScient  lead  oxide  and  spongy 
lead  respectively  to  give  it  a  higher  conducting  power  than  the  sul- 
phate alone  possesses. 

2.  Chemical  Eatimation  of  the  Oha/rge  m  a  Storage  CeU, — No  method 
has  hitherto  been  known  by  which  the  charge  in  a  storage  cell  could 
be  ascertained  without  discharging  the  cell ;  but  the  results  of  the 
foregoing  experiments  indicate  a  very  simple  means  of  ascertaining 
the  amount  of  stored  energy  without  any  interference  with  the  charge 
itself.  The  specific  gravity  and  consequent  strength  of  the  dilute 
sulphuric  acid  of  a  **  formed  "  cell  being  known  in  its  uncharged  and 
also  in  its  fully  charged  condition,  it  is  only  necessary  to  take  the 
specific  gravity  of  the  acid  at  any  time  in  order  to  ascertain  the  pro- 
portion of  its  full  charge  which  the  cell  contains  at  that  moment ;  and 
if  the  duty  of  the  cell  is  known,  the  amount  of  energy  stored  will  also 
be  thereby  indicated.  In  the  case  of  the  cell  with  which  I  have 
experimented,  containing  about  seven  quarts  of  dilute  sulphuric  acid, 
each  inci'ease  of  *005  in  the  specific  gravity  of  the  dilute  acid  means  a 
storage  of  energy  equal  to  20  amperes  of  current  for  one  hour, 
obtainable  on  discharge. 

I  hope  shortly  to  be  able  to  express,  in  terms  of  current  from  the 
cell,  the  definite  relation  between  the  amount  of  energy  stored  and  the 
weight  of  sulphuric  acid  liberated. 
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March  8, 1883. 

THE  PRESIDENT  in  the  Chair, 

The  Preeents  receiTed  were  laid  on  the  table,  and  thanks  ordered  for 
ihem. 

The  following.  Papers  were  read : — 

L  "  Not«8  on  the  Absorption  of  Ultra- Violet  Kays  by  various 
Snbetances/'  By  G.  D.  LiVEiNG,  M.A.,  F.R.S.,  Professor  of 
Chemistry,  and  J.  Dewar,  M.A.,  F.R.S.,  Jacksonian  Pro- 
fessor, University  of  Cambridge.    Received  March  1,  1883. 

The  following  notes  contain  some  records  of  ultra-violet  absorp- 
tions in  addition  to  those  which  have  been  examined  by  Soret, 
Hartley,  M.  da  Ghardonnet,  and  other  investigators.  For  these 
observations  we  have  generally  nsed  the  spark  of  an  indaction  coil, 
with  Leyden  jar,  between  iron  electrodes  as  the  source  of  light. 
Occasionally  we  have  used  other  electrodes,  but  the  lines  of  iron  are 
so  multitudinous,  and  so  blosely  set  in  a  large  part  of  the  ultra- 
violet region  of  the  spectrum,  that  they  form  almost  a  continuous 
spectrum,  at  the  same  time  there  are  amongst  tbem  a  sufficient 
number  of  breaks  and  conspicuous  lines  to  serve  as  points  of 
reference.  The  spectroscope  has  a  single  prism  of  quartz,  and  the 
telescopes  have  quartz  lenses.  The  image  of  the  spark  was  projected 
on  to  the  slit  of  the  spectroscope  by  a  quartz  lens,  and  the  absorbent 
substances  were  interposed  between  the  slit  and  the  last-mentioned 
lens.  Tlie  gases  were  held  in  tubes  fitted,  some  with  quartz,  others 
with  rock  salt,  plates  on  the  ends ;  liquids  in  cells  with  quartz  sides. 
The  spectra  were  all  photographed. 

Chlorine  in  small  quantity  shows  a  single  absorption  band  extend- 
ing from  about  N  (3680)  to  T  (3020).  As  the  quantity  of  chlorine 
is  increased  this  band  widens,  expanding  on  both  sides,  but  rather 
more  rapidly  on  the  less  refrangible  side.  Different  quantities  of 
chlorine  produced  absorption  from  about  H  (3968)  to  wave-length 
2755,  from  wave-length  4415  to  2665,  and  from  wave-length  4650  to 
2630.  With  the  greatest  quantity  of  chlorine  tried  the  absorption  did 
not  extend  above  wave-length  2550. 

Bromine  vapour  in  small  quantity  absorbs  light  up  to  about  L 
(3820),  and  is  quite  transparent  above  that.     With  larger  quantity 
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the  absorption  increases,  gradually  extending  with  increase  of 
bromine  vaponr  from  L  to  P  (3360)  ;  and  at  the  same  time  there  is  a 
gradnallj  increasing  general  absorption  at  the  most  refrangible  end 
of  the  spectrum  beginning  at  about  wave-length  2500 ;  so  that  the 
denser  bromine  yaponr  is  transparent  for  a  band  between  wave- 
length 2500  and  3350. 

Liquid  bromine  in  very  thin  film  between  two  quartz  plates  is 
transparent  for  a  band  between  wave-length  about  3650  and  3400, 
shading  away  on  both  sides,  so  that  below  M  on  one  side  and  above  P 
on  the  other  the  absorption  seems  complete.  The  transparency  of  the 
liquid  film  ends  on  the  more  refrangible  side  just  where  that  of  the 
vapour  begins. 

Iodine  vaponr  tolerably  dense  cuts  off  all  within  the  range  of  our 
photographs  below  wave-length  4300,  and  its  absorption  gradually 
diminishes  from  that  point  up  to  about  wave-length  ^80,  from  Uiat 
point  it  is  transparent.*  Denser  vapour  produces  complete  absorption 
up  to  4080  and  partial  absorption  above  that  point. 

Iodine  dissolved  in  carbon  disulphide  is  transparent  for  a  band 
between  G  and  H,  cutting  off  all  above  and  below.  It  is  not  possible  to 
tell  how  much  of  the  light  above  M  (3727)  is  absorbed  by  iodine  in 
such  a  solution,  inasmuch  as  carbon  disulphide  is  opaque  for  rays 
more  refrangible  than  M. 

Iodine  dissolved  in  carbon  tetrachloride  when  the  solution  is 
weak,  shows  only  the  absorption  due  to  the  solvent,  described  below. 
More  iodine  increases  the  absorption  ubtil  it  is  complete  above  P 
(8360),  with  shading  edge  as  far  down  as  about  wave-length  3400. 

Sulphurous  acid  gas  produces  an  absorption  band  which  is  very 
marked  between  B  (3179)  and  wave-length  2630,  and  a  fainter 
absorption  extending  on  the  less  refrangible  side  to  O  (3440),  and  on 
the  other  side  to  the  end  of  the  range  photographed,  wave-length 
2300. 

Sulphuretted  hydrogen  produces  complete  absorption  above  wave- 
length 2580.     Below  that  a  partial  general  absorption. 

Vapour  of  carbon  disulphide  in  very  small  quantity  produces  an 
absorption  band  extending  from  P  to  T,  shading  away  at  eetch  end ; 
no  absorption  in  the  higher  region.  With  more  vapour  the  absorption 
band  widens,  extending  from  about  wave-length  3400  to  3000,  i^d  a 
second  absorption  occurs  beginning  at  about  wave-length  2580,  and 
extending  to  the  end  of  the  range  photographed. 

Carbon  tetrachloride  liquid  produces  an  absorption  band  with  a 
maximum  about  B,  extending,  but  with  decreasing  intensity,  up  to 

*  The  princip&l  absorption  band  of  the  haloida  seems  to  shift  towards  the  lesn 
refrangible  side  with  increase  of  atomic  weight,  and  so  to  agree  with  the  geneml 
rule  which  Leooq  de  Boisbaudran  has  noticed  in  the  shifting  of  corresponding  lines 
in  the  spectra  of  groups  of  similar  metals. — ^Maroh  16. 
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Q  (3285)  on  one  side,  and  to  s  (3045)  on  the  other.  In  the  higher 
region  there  is  a  second  absorption  sensible  abont  wave-length  2600, 
and  increasing  in  intensitj  np  to  abont  wave-length  2580,  beyond 
which  point  it  is  complete. 

Chlorine  peroxide  gives  a  succession  of  nine  shaded  bands,  at  nearly 
eqoal  intervals,  between  M  and  S,  with  faint  indications  of  others 
beyond.     In  the  highest  region  this  gas  seems  quite  transparent. 

A  slice  of  chrome-alnm  a  quarter  of  an  inch  thick,  is  transparent 
between  wave-lengths  3270  and  2880,  its  absorption  gradually 
increases  on  both  sides  of  those  limits,  but  rather  more'  rapidly  on 
the  more  refrangible  side  than  on  the  other,  and  becomes  complete 
below  about  wave-length  3360  and  above  wave-length  2780. 

A  very  thin  plate  of  mica  shows  absorption  beginning  abont  S 
(3100),  rapidly  increasing  above  U  (2947),  and  complete  above  wave- 
length 2840. 

A  thin  film  of  silver  precipitated  chemically  on  a  plate  of  quartz 
transmits  well  a  band  of  light  between  wave-length  about  3350  and 
3070,  but  is  quite  opaque  beyond  those  limits  on  both  sides.* 

A  thin  film  of  gold  similarly  precipitated  merely  produces  a  slight 
general  absorption  all  along  the  spectrum. 

The  difference  between  the  limits  of  transparency  of  Iceland  spar 
for  the  ordinary  and  extraordinary  rays,  inferred  from  theory  by 
Lommel,  we  find  to  be  very  small,  and  hardly  to  be  detected  without 
using  a  considerable  thickness,  three  inches  or  more,  of  the  spar. 

We  had  expected  to  be  able  to  apply  the  well-known  photo- 
metric method  by  means  of  polarised  light  to  the  comparison  of 
intensities  of  ultra-violet  rays.  Ordinary  Nicol's  prisms  are  not 
applicable  to  ultra-violet  rays  on  account  of  the  opacity  of  the  Canada 
balsam,  with  which  they  are  cemented,  but  through  the  kindness  of 
the  President  of  the  Society,  we  obtained  from  him  the  loan  of  a  pair 
of  Foucault's  prisms.  Upon  taking  photographs  of  the  spectrum  of 
the  iron  spark  through  this  pair  of  prisms  at  various  inclinations 
between  the  planes  of  polarisation  of  the  two  prisms,  we  found  that  for 
the  whole  range  between  the  position  of  parallelism  and  the  inclina- 
tion of  80^  there  was  no  sensible  difference  of  effect  upon  the  photo- 
graphic plate,  though  the  length  of  exposure  was  in  all  cases  the 
same.  For  inclinations  between  80°  and  90°  there  was  a  sensible 
and  increasing  diminution  in  the  photographic  effect  as  the  planes  of 
polarisation  of  the  polariser  and  analyser  were  more  nearly  at  right 

*  Coma  has  noticed  ("Spectre  Normal  da  Soleil,'*  p.  28,  note)  that  8a<^  a 
fihn  of  tUyer  is  transparent  for  certain  ultra-yiolet  rajs,  bat  he  places  them  about 
waye-length  270,  which  does  not  a^^ree  with  our  observations.  Chardonnet  (*'  Comp. 
rend.,**  Febroarj,  1888)  sajs  that  the  transparent  band  extends  from  O  to  S. 
W.  A.  Miller  (*<  Phil.  Trans.,**  1868)  noticed  that  for  a  certain  distance  in  the 
ultia-Tiolet  a  silrer  reflector  did  not  reflect  the  incident  rajs. 
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angles  to  one  another.  It  seems  to  follow  from  this  that  the  fnll 
photographic  effect  on  the  dry  gelatine  plates  used  hj  as  ensnes  when 
the  intensity  of  the  light  reaches  a  certain  limit,  bnt  that  for  intensities 
of  light  beyond  that  limit  there  is  no  sensible  increase  in  the  effect 
until  the  stage  of  solarisation  is  reached. 


II.  "Note  on  the  Reversal  of  Hydrogen  Lines ;  and  on  the  Out- 
burst of  Hydrogen  Lines  when  Water  is  dropped  into  the 
Are."  By  G.  D.  Liveing,  M.A.,  F.it.S.,  Professor  of 
Chemistry,  and  J.  Dewab,  M.A.,  F.R.S.,  Jacksonian  Pro- 
fessor, University  of  Cambridge.    Received  March  1, 1883. 

The  concentration  of  the  radiation  of  hydrogen  in  a  small  number 
of  spectral  lines  would  lead  us  to  expect  that  the  absorption  of  light 
of  the  same  refrangibility  as  those  lines  would,  at  the  temperature  of 
incandescence,  be  correspondingly  strong,  and  that  therefore  the 
hydrogen  lines  would  be  easily  reversed.  The  mass  of  hydrogen 
which  we  can  raise  to  a  temperature  high  enongh  to  show  the  lines 
is,  however,  so  small,  that  notwithstanding  the  great  absorptive  power 
of  hydrogen  for  the  rays  which  it  emits,  the  reversal  of  the  lines  haa 
not  hitherto  been  noticed.  We  find,  in  fact,  that  the  lines  are  very 
readily  reversed,  and  the  reversal  may  be  easily  observed. 

When  a  short  induction  spark  is  taken  between  electrodes  of 
alnmininm  or  magnesium  in  hydrogen  at  atmospheric  pressure,  a 
large  Leyden  jar  being  connected  with  the  secondary  wire  of  the  coil, 
the  hydrogen  lines  show  no  reversal;  but  if  the  pressure  of  the 
hydrogen  be  increased  by  half  an  atmosphere  or  even  less,*  the  lines 
expand  and  a  fine  dark  line  may  be  seen  in  the  middle  of  the  F  line. 
As  the  pressure  is  increased  this  dark  line  becomes  stronger,  so  that 
at  two  atmospheres  it  is  very  decided.  As  the  F  line  expands  with 
increase  of  pressore  the  dark  line  expands  too  and  becomes  a  band. 
It  is  best  seen  when  the  pressure  is  between  two  and  three  atmo- 
spheres. When  the  pressure  is  further  increased  the  dark  band 
becomes  diffuse,  and  at  five  atmospheres  cannot  be  distinctly  ti'aced. 
No  definite  reversal  of  the  C  line  was  observed  under  these  circum- 
stances.    The  dispersion  used,  however,  was  only  that  of  one  prism. 

By  using  a  higher  dispersion  the  reversal  of  both  the  G  and  F 
lines  may  be  observed  at  lower  pressures.  For  this  purpose  we  have 
used  a  Pliicker  tube,  filled  with  hydrogen  and  only  exhausted  until 
the  spark  would  pass  readily  when  a  large  jar  was  used. 

^  The  pressiunes  here  mentioned  are  only  meMored  hy  a  mefaUio  gauge  attached 
to  the  Cailletet  pump  employed,  and  mutt  therefore  be  only  taken  at  approximately 
correct. 
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The  light  of  the  narrow  part  of  the  tnhe  is,  under  these  oircum* 
stances,  Yery  brilliant^  while  the  spark  in  the  broad  ends  is  wider  and 
less  bright,  but  does  not  fill  the  tube.  On  viewing  such  a  tube  end 
on,  and  projecting  the  image  of  the  narrow  part  of  the  tnbe  on  to  the 
slit  of  the  spectroscope,  a  continnons  spectrum,  of  the  width  of  the  image 
of  the  narrow  part  of  the  tube,  is  seen,  besides  the  lines  of  hydrogen 
given  by  the  discharge  in  the  wide  part  of  the  tnbe.  These  lines  ex- 
tend above  and  below  the  narrow  continnons  spectmm  if  the  electrode 
is  well  placed  so  that  half-an-inch  or  so  of  the  spark  in  the  wide  part 
of  the  tnbe  may  intervene  between  the  narrow  part  of  the  tube  and  the 
spectroscope.  The  continnons  spectmm  of  the  narrow  part  of  the 
tnbe  seems  dne  chiefly  to  the  expansion  of  the  hydrogen  lines  when 
the  discharge  occnrs  in  so  confined  a  space,  and  it  is  mnch  brighter 
than  the  lines  given  by  the  spark  in  the  wide  part  of  the  tube. 
Where  the  latter  cross  the  continnons  spectmm  a  very  evident 
absorption  occnrs.  We  have  observed  it  with  a  diffraction  grating. 
The  C  line  in  the  third  order  falls  so  near  the  F  line  in  the  fourth, 
that  both  may  be  observed  together.  The  appearance  presented  in 
onr  spectroscope  is  shown  in  the  accompanying  drawing ;  F  is  much 
more  expanded  than  G,  and  the  reversal  consequently  less  marked 
ihongh  quite  plain.  The  other  lines  being  still  more  diffuse  their 
absorption  conld  not  be  traced. 


We  have  before  observed  ('*  Proc.  Roy.  Soc.,"  vol.  30,  p.  157)  that 
the  C  and  F  lines  of  hydrogen  are  visible  in  the  arc  of  a  De  Meritens 
magneto-electric  machine  taken  in  hydrogen ;  though  in  the  arc  of 
a  Siemens  machine  the  G  line  can  only  be  detected  at  the  instant  of 
breaking  the  arc,  the  F  line  hardly  at  all.  When,  instead  of  taking 
the  arc  in  hydrogen,  small  drops  of  water  are  allowed  to  fall  from  a 
fine  pipette  into  the  arc  taken  in  air  in  a  lime  crucible,  each  drop  as 
it  faUs  into  the  arc  produces  an  explosive  outburst  of  the  hydrogen 
lines.  Generally  the  outburst  is  only  momentary,  but  occasionally  a 
sort  of  flickering  arc  is  maintained  for  a  second  or  two  and  the 
hydrogen  line  G  is  visible  all  the  time.  The  lines  (0  and  F)  are 
usually  much  expanded,  but  are  frequently  very  unequally  wide  in 
different  parts  of  the  line.  F  is  weaker,  more  diffuse,  and  more 
difficult  to  see  than  G,  and  is  visible  for  a  shorter  time.  There  is  no 
sign  of  reversal.     In  the  explosive  character  of  the  outburst  and  the 
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irregnlaritj  in  the  widtli  of  the  linee,  the  effect  resembles  that  of  an 
ontbnrst  of  hydrogen  in  the  solar  atmosphere.  The  elements  of  the 
water  are,  as  we  mnst  suppose,  separated  in  the  arc,  but  from  the 
explosiye  character  of  the  effect  they  are  not  uniformly  distributed  in 
the  arc.  The  arc  being  horizontal  and  the  image  of  it  projected  on 
to  the  slit  of  the  spectroscope,  it  was  really  a  very  small  section  of  the 
arc  which  was  under  observation,  and  this  renders  the  yariation  in 
the  width  of  the  lines  the  more  remarkable. 


Ill .  "  Note  on  the  Order  of  Reversibility  of  the  Lithium  Lines." 
By  Q.  D.  LiVEiNG,  M.A.,  F.R.S.,  ProfesBor  of  Chemigtry, 
and  J.  Dewar,  M.A.,  F.R.S.,  Jacksonian  Professor,  Univer- 
sity of  Cambridge.    Received  March  1,  1883. 

In  our  communications  on  the  reversal  of  the  lines  of  metallic 
vapours,  we  have  several  times  noticed  ("  Proc.  Roy.  Soc.,'*  vol.  28, 
pp.  357,  369,  473)  the  reversal  of  the  lithium  lines,  and  concluded 
that  the  blue  line  is  more  easily  reversed  than  the  orange  line.  This, 
however,  does  not  appear  to  be  really  the  case.  When  much  lithium, 
is  introduced  into  the  arc,  a  second  blue  line  is  developed  close  to  but 
slightly  more  refrangible  than  the  well-known  blue  line:  This  second 
blue  line  produces  with  the  other  the  appearance  of  a  reversal,  which 
deceived  us  until  we  became  aware  of  the  eustence  oithit  second  line. 
The  blue  line  (wave-length  4604)  is  really  reversed  without  difficulty 
when  sufficient  lithium  is  present,  but  under  these  circumstances  the 
orange  line  is  also  reversed.  The  latter  line  is  also  th^  one  which 
first  (of  the  two)  shows  reversal,  and  also  the  one  which  is  more  per- 
sistently  reversed.  Hence  we  place  the  lines  in  order  of  reversibility  as 
follows  :  red,  orange,  blue,  green,  violet. 
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March  15, 1883. 

THE  PRESIDENT  in  the  Chair. 

The  Preeents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Bight  Hon.  Joseph  Chamberlain  was  admitted  into  the 
Society. 

The  following  Papers  were  read : — 

I.  "  On  the  ChangBB  which  take  place  in  the  Deviations  of  the 
Standard .  Compass  in  the  Iron  Armour-plated,  Iron,  and 
Composite-buih  Ships  of  the  Royal  Navy  on  a  considerable 
Change  of  Magnetic  Latitude."  By  Staff-Commander  E. 
W.  Creak,  R.N.,  of  the  Admiralty  Compass  Dep«irtment. 
Communicated  by  Captain  Sir  Fredemck  J.  0.  Evans,  R.N., 
K.C.B.,  F.R.S.,  Hydrographer  of  the  Admiralty.  Received 
March  1, 1883. 

(Abstract.) 

The  period  comprised  between  the  years  1855-68  was  one  of  active 
research  into  the  magnetic  character  of  the  armonr-plated  and  other 
ships  of  the  Royal  Navy,  and  iron  ships  of  the  Mercantile  Navy. 

Among  other  contribntions  to  this  snbject,  a  paper  by  P.  J.  0.  Evans, 
£»q.,  Stadf  Commander  R.N.,  P.R.S.,  and  Archibald  Smith,  Esq., 
F.R.S.,  was  read  before  the  Royal  Society  in  March,  1865,  relating  to 
the  armour-plated  ships  of  the  Royal  Navy,  and  containing  the  first 
pnblished  resolts  of  the  system  of  observation  and  analysis  of  the 
deviations  of  the  compass  established  four  years  previously. 

From  lack  of  observations  in  widely  different  magnetic  latitudes, 
the  anthers  of  that  paper  were  unable  to  define  the  proportions  of  the 
semicircular  deviation  arising  from  vertical  induction  in  sofb  iron,  and 
that  arising  from  the  permanent  or  sub-permanent  magnetism  in  hard 
iron. 

During  the  last  fifteen  years  vessels  of  all  classes — except  turret 
ships — have  visited  places  of  high  southern  magnetic  inclination  or 
dip,  and  the  analysis  of  the  deviation  of  their  standard  compasses  has 
been  made,  showing  the  constants  for  hard  and  soft  iron  producing 
semicircular  deviation. 
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The  constants  for  soft  iron  provide  a  means  of  predicting  probable 
changes  of  deviation  on  change  of  magnetic  latitude  for  certain 
vessels  of  the  following  classes,  and  otiiers  of  similar  construction : — 

1.  Iron  armour-plated. 

2.  Iron  cased  with  wood. 

3.  Iron  troop  ships. 

4.  Steel  and  iron  ships  cased  with  wood. 

5.  Composite-built  vessels. 

6.  Wooden  ships  with  iron  beams  and  vertical  bulkheads. 

These  vessels  were  all  in  a  state  of  magnetic  stability  previous  to 
the  observations  which  have  been  discussed,  and  their  compasses  have 
had  the  semicircular  deviation  reduced  to  small  values,  or  corrected  in 
England  by  permanent  bar  magnets. 

This  correction  may  be  considered  as  the  introduction  of  a  permanent 
magnetic  force  acting  independently,  and  in  opposition  to  the  magnetic 
forces  of  the  ship  proceeding  from  hard  iron. 

It  is  now  proposed  to  consider  the  effects  of  a  change  of  magnetic 
latitude  on  the  component  parts  of  the  deviation. 

Semicircular  Deviaiion. 

On  semicircular  deviation  from  fore  and  aft  forces  time  has  but 
little  effect,  and  the  greater  part  of  it  is  due  to  permanent  magnetism 
in  hard  iron,  which  may  be  reduced  to  zero  for  all  latitudes  by  a 
permanent  magnet. 

A  second  but  small  parfc  of  the  semicircular  deviation  proceeds  from 
sub-permanent  magnetism  in  hard  iron.  It  is  subject  to  alterations 
slowly  by  time,  from  concussion,  and  from  the  ship  remaining  in  a 
constant  position  with  respect  to  the  magnetic  meridian  for  several 
days,  and  is  more  intensely  affected  by  a  combination  of  the  two 
latter  causes. 

Deviations  from  sub-permanent  magnetism  which  have  been  tem- 
porarily altered  in  value  as  described,  return  slowly  to  their  original 
value  on  removal  of  the  inducing  cause. 

The  principal  cause  of  change  in  the  semicircular  deviation  on 
change  of  magnetic  latitude  in  corrected  compasses,  arises  from 
vertical  induction  in  soft  iron  which  changes  directly  as  the  tangent 
of  the  dip. 

In  standard  compasses  judiciously  placed  with  regard  to  surround- 
ing iron,  this  element  of  change  is  small,  and  similar  in  value  for 
similar  classes  of  ships. 

With  very  few  exceptions  nearly  the  whole  of  the  semicircular 
deviation  from  transverse  forces  is  due  to  permanent  magnetism  in 
hard  iron  subject  to  the  same  laws  as  that  proceeding  from  fore  and  aft 
forces. 

In  the  exceptional  cases  alluded  to,  there  is  a  small  part  due  to 
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Tertical  induction  in  soft  iron,  changing  directly  as  the  tangent  of  the 
dip. 

Quadranbal  DeviaHofh, 

This  deviation,  cansed  by  indnction  in  horizontal  soft  iron  sym- 
metrically placed,  does  not  change  with  a  change  of  magnetic  latitude. 
Time  alone  appears  to  prodnoe  a  gradual  chaoge  in  its  value  during 
the  first  two  or  three  years  after  the  ship  is  launched,  when  it  becomes 
nearly  permanent. 

The  diminution  of  the  mean  directive  force  of  the  needle,  which  is 
common  to  all  modem  vessels  of  war,  improves  slowly  at  first  by  lapse 
of  time,  and  finally  assumes  a  permanent  value. 

Relative  Proportions  of  Hard  and  Soft  Iron, 

It  has  been  found  that  the  relative  proportions  of  the  hard  and  soft 
iron  affecting  the  standard  compasses  of  twenty-five  vessels  examined 
differ  considerably,  even  in  ships  of  similar  construction. 

This  difference  may  be  accounted  for  by  the  compasses  not  being 
placed  in  the  same  relative  position  in  the  ships  considered  as  magnets 
of  various  forms,  and  containing  numerous  iron  bodies  introduced 
during  equipment. 

General  Conclusions, 

The  following  general  conclusions  have  special  reference  to  the 
standard  compass  of  the  six  classes  of  vessels  previously  men- 
tioned : — 

1.  A  large  proportion  of  the  semicircular  deviation  is  due  to 
permanent  magnetism  in  hard  iron. 

2.  A  large  proportion  of  the  semicircular  deviation  may  be  reduced 
to  zero,  or  corrected  for  all  magnetic  latitudes,  by  fixing  a  hard  steel 
bar  magnet  or  magnets  in  the  compass  pillar  in  opposition  to  and  of 
equal  force  to  the  forces  producing  that  deviation. 

3.  A  very  small  proportion  of  the  semicircular  deviation  is  due  to 
sub-permanent  magnetism,  which  diminishes  slowly  by  lapse  of  time. 

4.  The  sub-permanent  magnetism  produces  deviation  in  the  same 
direction  as  the  permanent  magnetism  in  hard  iron,  except  when 
temporarily  disturbed,  (1)  by  the  ship  remaining  in  a  constant 
position  with  respect  to  the  magnetic  meridian  for  several  days,  (2) 
by  concussion,  (3)  or  by  both  combined,  when  the  disturbance  is 
intensified. 

5.  To  ascertain  the  full  value  of  changes  in  the  sub-permanent 
magnetism,  observations  should  be  taken  immediately  on  the  removal 
of  the  inducing  cause. 

6.  In  the  usual  place  of  the  standard  compass  the  deviation  caused 
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by  transient  vertical  induction  in  soft  iron  is  small,  and  of  the  same 
value  (nearly)  for  ships  of  similar  construction. 

7.  The  preceding  conclusions  point  to  the  conditions  which  should 
govern  the  selection  of  a  suitable  position  for  the  standard  compass 
with  regard  to  surrounding  iron  in  the  ship. 


IL  **  Atmospheric  Absorption  in  the  Infra-Bed  of  the  Solar 
Spectrum."  By  Captain  Abney,  R.E.,  F.R.S.,  and  Lieut.- 
Colonel  Festing,  R.E.    Received  March  5,  1883. 

Any  investigations  on  the  subject  of  atmospheric  absorption  are  of 
such  importance  in  the  study  of  meteorology,  that  we  have  deemed  it 
advisable  to  present  a  preliminary  notice  of  certain  results  obtained 
by  us,  without  waiting  to  present  a  more  detailed  account  which  wiD 
be  communicated  at  a  future  date.  From  1874,  when  one  of  us  com- 
menced photographing  the  spectrum  in  the  above  region,  till  more 
than  a  year  ago,  the  extremely  various  manners  in  which  the  absorp- 
tions  took  place  caused  considerable  perplexity  as  to  their  origin,  and 
it  was  only  after  we  had  completed  our  paper  on  the  absorption  of 
certain  liquids,*  that  a  clue  to  the  phenomena  was  apparently  found. 
Since  that  time  we  have  carefully  watched  the  spectrum  in  relation  to 
atmospheric  moisture,  and  we  think  that  more  than  a  year's  observa- 
tions in  London,  when  taken  in  connexion  with  a  month's  work,  at 
an  altitude  of  8,500  feet  on  the  Bifiel,  justify  the  conclusions  we  now 
lay  before  the  Society. 

A  study  of  the  map  of  the  infra-red  region  of  the  solar  8pectrum,t 
and  more  especially  a  new  and  much  more  complete  one,  which  is 
being  prepared  for  presentation  to  the  Royal  Society  by  one  of  ns, 
shows  that  the  spectrum  in  this  part  is  traversed  by  absorption  lines 
of  varying  intensity.  Besides  these  linear  absorptions,  photographs 
taken  on  days  of  dilEerent  atmospheric  conditions,  show  banded 
absorptions  superposed  over  them.  These  latter  are  step  by  step 
absorptions  increasing  in  intensity  as  they  approach  the  limit  of  the 
spectrum  at  the  least  refrangible  end.  In  the  annexed  diagram,^ 
fig.  4  shows  the  general  appearance  of  this  region  up  to  X  10,000  on 
a  fairly  dry  day  :  the  banded  absorption  is  small,  taking  place  princi- 
pally between  X  9420  and  X  9800 :  a  trace  of  absorption  is  also  visible 
between  X  8330  and  X  9420.     On  a  cold  day,  with  a  north-easterly 

*  "  The  Influence  of  the  Atomic  Groupings  of  the  Molecules  of  Organic  Bodies 
on  their  Absorption  in  the  Infra-Bed  Begion  of  the  Spectrum."  "  PhiL  Trans.," 
Part  III,  1881. 

t  "  PhU.  Trans.,"  1880. 

X  The  lines  shown  in  the  diagram  are  merely  reference  lines,  and  hare  nothing  to 
do  with  the  absorptions  under  consideration. 
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wind  blowing,  and  also  at  a  high  altitude  on  a  dry  day,  these  absorp- 
tions nearly  if  not  quite  disappear.  If  we  examine  photographs 
taken  when  the  air  is  nearly  saturated  with  moisture  (in  some  form 
or  another)  we  have  a  spectrum  like  fig.  1.  Exoept  with  very  pro- 
longed exposure  no  trace  of  a  spectrum  below  X  8330  can  be  pho- 
tographed. Fig.  2  shows  the  absorption  bands,  where  there  is  a  dif- 
ference of  about  S'^  between  the  wet  and  dry  bulb,  the  latter  standing 
at  about  50^  It  will  be  noticed  that  the  spectrum  extends  to 
the  limit  of  about  X  9420,  when  total  absorption  steps  in  and 
blocks  out  the  rest  of  the  spectrum.  Fig.  3  shows  the  spectrum 
where  the  difference  between  the  wet  and  the  dry  bulb  is  about  6°. 
Figs.  5  and  6  show  the  absorption  of  thicknesses  of  1  foot  and 
3  inches  of  water  respectively,  where  the  source  of  light  gives  a 
continuous  spectrum;  ^  inch  water  merely  shows  the  absorption 
bands  below  9420.  It  will  be  seen  that  there  is  an  accurate  do- 
incidence  between  these  '* water  bands'*  and  the  absorption  bands 
seen  in  the  solar  spectrum,  and  hence  we  cannot  but  assume  that 
there  is  a  connexion  one  with  the  other.  In  fact,  on  a  dry  day  it  is 
only  necessary  to  place  varying  thicknesses  of  water  before  the  slit  of 
the  spectroscope  and  to  photograph  the  solar  spectrum  through  them, 
in  order  to  reproduce  the  phenomena  observed  on  days  in  which  there 
is  more  or  less  moisture  present  in  the  atmosphere.  It  is  quite  easy 
to  deduce  the  mpisture  present  in  atmosphere  at  certain  temperatures 
by  a  study  of  the  photographs.  There  does  appear  a  difference,  how- 
ever, in  the  intensity  of  the  banded  absorptions  in  hot  weather  and 
in  cold  about  up  to  50^.  In  the  former  they  are  less  marked  when 
the  degree  of  saturation  and  the  length  of  atmosphere  traversed  are 
the  same  as  in  the  latter. 

The  accepted  view,  we  believe,  of  absorption  of  vapours  is  that 
they  give  lioear  absorptions  in  certain  thicknesses,  and  as  the  thick- 
ness increases  or  the  density  becomes  greater,  the  lines  blacken,  new 
lines  appear,  and  gradually  total  absorption  sets  in  in  the  region  where 
the  lines  are  most  numerous  and  close.  It  is  in  the  range  of  possibility 
that  the  presence  of  a  small  quantity  of  vapour  might  show  itself  as 
a  haze  over  some  region  of  the  spectrum  ;  if,  however,  the  quantity 
was  gradually  increased  the  haze  would  give  place  to  the  lines,  and  the 
phenomena  just  described  would  be  repeated.  Suppose  several 
localities  of  absorption  to  exist,  the  absorptive  power  of  the  vapour 
increasing  the  further  the  locality  was  situated  down  in  the  infra-red, 
it  might  happen  that  whilst  one  locality  showed  only  a  haze  of 
absorption,  one  further  down  might  show  total  absorption,  some 
locality  between  these  two  should  show  linear  absorption. 

In  the  case  of  the  absorptions  in  the  solar  spectrum  we  find  a  very 
different  state  of  things  existing.  A  comparison  of  the  photographs 
taken  in  London  on  dajs  of  different  dryness,  and  with  those  taken  at 
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the  BifTel,  shows  that  the  linear  absorptions  are  not  increased  in 
number  or  intensity ;  except  so  far  that  the  blackness  of  the  lines  is 
increased  by  the  blackness  of  the  banded  absorptions,  and  the  same 
blackness  can  be  induced  by  placing  a  certain  thickness  of  water 
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1>efore  the  slit  of  the  spectroscope :  another  point  is  that  the  Frann- 
hofer  lines  in  certain  regions  (say  X  9420  to  X  9800)  are  so  irregalarlj 
distribnted  as  to  preclude  the  idea  that  they  all  belong  to  the  absorp-  - 
tion  of  aqneons  vaponr,  yet  all  are  equally  darkened  by  the  band, 
and  they  do  not  spread  out  as  the  darkness  of  the  band  increases. 
This  is  against  the  yiew  of  the  bands  being  formed  by  aqneons  vaponr, 
-as  we  know  it. 

The  question  then  arises  as  to  what  these  "  water  bands  "  can  be 
due — if  not  due  to  yiskpour.  This  we  consider  an  open  question,  and 
one  which  should  be  discussed. .  All  we  can  state  is  that  the  absorp- 
tions shown  are  similar  to  those  of  water  (liquid)  and  they  do  not 
«eem  to  point  to  the  watery  stuff  existins^  as  Yapour,*  if  we  take  the 
visible  spectrum  as  a  guide.  An  intense  blue  sky  at  sea-level  is  often  in- 
dicative of  moisture  in  the  atmosphere,  and  it  also  seems  to  be  indicative 
of  finely  suspended  matter  of  some  kind.  If  this  be  the  case,  can  this 
suspended  matter  be  suspended  water  stuff  ?  for  if  it  be  not,  there  is 
no  reason  why  the  sky  should  be  bluer  on  a  moist  day  than  on  a  dry 
■day.  We  would  remark  that  the  deep  blue  sky  at  sea-level  is  of  a 
^Lifferent  colour  to  the  black- blue  of  high  altitudes  where,  if  they  exist, 
the  fine  suspended  particles  would  be  largely  diminished  in  number, 
and  the  coarser  particles  which  cause  white  haze  would  also  be  fewer. 
The  great  difference  of  the  intensities  of  the  light  from  the  blue  sky 
in  England  and  at  10,000  feet  was  determined  by  one  of  us  and 
communicated  to  the  British  Association  at  Southampton,  and  the 
enormous  disparity  between  the  two  has  some  bearing  on  the  question  ' 
we  have  beei^  discussing. 


Addendum. 

In  the  above  paper  we  have  described  the  absorption  due  to  "  water 
•^uff  '*  in  the  atmosphere  to  X  9800,  as  it  is  only  to  that  wave-length 
to  which  the  normal  spectrum  has  been  as  yet  published.  We  wish, 
however,  to  add  that  there  are  bands  commencing  at  X  9800,  X  12200, 
:and  X  15200,t  giving  step  by  step  absorption  from  the  one  wave-length 
to  the  next,  as  in  the  diagram,  which  also  correspond  with  cold  water 
hands.  The  absorption  in  the  locality  from  12200  downwards  is 
usually  total,  and  it  is  only  on  dry  cold  days  or  at  high  altitudes  that 
we  have  noticed  that  rays  of  sufficient  amplitude  can  penetrate  to 
<»use  photographic  impression  to  be  made. — ^March  24,  1883. 


*  UnleBS  it  be  held  that  the  water  itself  holds  yapour  in  solution. — ^March  12. 
t  These  wave-lengths  have  been  tal^en  from  the  map  of  the  prismatic  spectrum 
illustxBtiiig  the  Bakenan  Lecture,  1880,  and  aro  approximate  numbers  only. 
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III.  *'  An  Experimental  Investigation  of  the  Circumstances  which 
Determine  whether  the  Motion  of  Water  shall  be  Direct  or 
Sinuous,  and  of  the  Law  of  Resistance  in  Parallel  Chan- 
nels.'* By  Osborne  Reynolds,  F.R.S.  Received  March  7, 
1883. 

(Abstract.) 

1.  Objects  amd  Results  of  the  Investigation, — The  resnlts  of  this^ 
investigation  have  both  a  practical  and  a  philosophical  aspect. 

In  their  practical  aspect  they  relate  to  the  laws  of  resistance  to  the 
motion  of  water  in  pipes,  which  appears  in  a  new  form,  the  law  for 
all  velocities  and  all  .diameters  being  represented  by  an  equation  of 
two  terms. 

In  their  philosophical  aspect  these  results  relate  to  the  fundamental 
principles  of  fluid  motion ;  inasmuch  as  they  afford  for  the  case  of 
pipes  a  definite  verification  of  two  principles,  which  are  that  the 
general  cha/ra^ier  of  the  motion  of  fluids  in  contact  with  solid  surfaces 
depends  on  the  relation  (1)  between  the  dimensions  of  the  space  occupied 
by  the  fluid  and  a  linear  physical  constant  of  the  fluid;  (2)  between  the 
velocity  and  a  physical  velocity  constant  of  the  fluid. 

The  results  as  viewed  in  their  philosophical  aspect  were  the  primary 
object  of  the  investigation. 

As  regards  the  practical  aspect  of  the  results,  it  is  not  necessary  to 
say  anything  by  way  of  introduction;  but  in  order  to  render  the 
philosophical  scope  and  purpose  of  the  investigation  intelligible,  it  is 
necessary  to  describe  shortly  the  line  of  reasoning  which  determined 
the  order  of  investigation. 

2.  The  Leading  Matures  of  the  Motion  of  Actual  Fluids, — 
Although  in  most  ways  the  exact  manner  in  which  water  moves  i» 
difficult  to  perceive,  and  still  more  difficult  to  define,  as  are  also  the 
forces  attending  such  motion,  certain  general  features  both  of  the 
forces  and  motions  stand  prominently  forth  as  if  to  invite  or  defy 
theoretical  treatment. 

The  relations  between  the  resistance  encountered  by,  and  the 
velocity  of  a  solid  body  moving  steadily  through  a  fluid  in  which  it  is 
completely  immersed,  or  of  water  moving  through  a  tube,  present 
themselves  mostly  in  one  or  other  of  two  simple  forms.  The  resistance 
is  generally  proportional  to  the  square  of  the  velocity,  and  when  this  is 
not  the  case  it  takes  a  simpler  form,  and  is  proportional  to  the  velocity. 
Again,  the  internal  motion  of  water  assumes  one  or  other  of  two 
broadly  distinguishable  forms — either  the  elements  of  the  fluid  follow 
one  another  along  lines  of  motion  which  lead  in  the  most  direct 
manner  to  their  destination,  or  they  eddy  about  in  sinuous  paths,  the 
most  indirect  possible. 
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The  iransparenoy  or  nniform  opacity  of  most  fluids  renders  it 
impossible  to  see  the  internal  motion,  so  that,  broadly  distinct  as  are 
the  two  classes  (direct  and  sinnoos)  of  motion,  their  existence  would 
not  have  been  perceived,  were  it  not  that  the  surface  of  water,  where 
otherwise  undisturbed,  indicates  the  nature  of  the  motion  beneath. 
A  clean  surface  of  moving  water  has  two  appearances,  the  one  like 
that  of  plate  glass  in  which  objects  are  reflected  without  distortion ; 
the  other  like  that  of  sheet  glass^  in  which  the  reflected  objects  appear 
crumpled  up  and  grimacing.  These  two  chi^racters  of  surface  corre- 
spond to  the  two  characters  of  motion.  This  may  be  shown  by 
adding  a  few  streaks  of  highly  coloured  water  to  the  clear  movinof 
water.  Then,  although  the  coloured  streaks  may  at  first  be  irr^pilar 
they  will,  if  there  are  no  eddies,  soon  be  drawn  ont  into  even  colour 
bands;  whereas  if  there  are  eddies,  they  will  be  curled  and  whirled 
about  in  the  manner  so  familiar  with  smoke. 

3.  Connexion  between  the  Leading  Features  of  Fluid  Motion, — 
These  leading  features  of  fluid  motion  are  well  known,  and  are 
supposed  to  be  more  or  less  connected,  bat  it  does  not  appear  that 
hitherto  any  very  determined  efforts  have  been  made  to  trace  a 
definite  connexion  between  them,  or  to  trace  the  chartu^teristics  of  the 
circumstances  under  which  they  are  usually  presented. 

Certain  circumstances  have  been  definitely  associated  with  the 
particular  laws  of  force.  Resistance  as  the  square  of  the  velocity  is 
associated  with  motion  in  tubes  of  more  than  capillary  dimensions,  and 
with  the  motion  of  the  bodies  through  the  water  at  more  than 
insensibly  small  velocities,  while  resistance  as  the  velocity  is  associated 
with  capillary  tubes  and  small  velocities. 

The  equations  of  hydrodynamics,  although  they  are  applicable  to 
direct  fnotion,  i.e.,  without  eddies,  and  show  that  then  the  resistance  is 
as  the  velocity,  have  hitherto  thrown  no  light  on  the  circumstances  on 
which  such  motion  depends.  And  although  of  late  years  these  eqaatiouH 
have  been  applied  to  the  theory  of  the  eddy,  they  have  not  been  in  the 
least  applied  to  the  motion  of  water,  which  is  a  mass  of  eddies,  i.e.,  in 
sinuous  motion^  nor  have  they  yielded  a  clue  to  the  cause  of  resistance 
varying  as  the  square  of  the  velocity.  Thus,  while  as  applied  to  waves 
and  the  motion  of  water  in  capillary  tubes  the  theoretical  results 
agree  with  the  experimental,  the  theory  of  hydrodynamics  has  so  far 
failed  to  afford  the  slightest  hint  why  it  should  explain  these  pheno- 
mena, and  signally  failed  to  explain  the  law  of  resistance  encountered 
by  large  bodies  moving  at  sensibly  high  velocities  through  water,  or 
that  of  water  in  sensibly  large  pipes. 

This  accidental  fitness  of  the  theory  to  explain  certain  of  the 
phenomena,  while  entirely  failing  to  explain  others,  affords  strong 
presumption  that  there  are  some  fundamental  principles  of  fluid 
motion  of  which  due  account  has  not  been  taken  in  the  theory ;  and 
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several  years  ago  it  seemed  to  me  that  a  carefal  examination  as  to  the 
connexion  between  these  foor  leading  features,  together  with  the 
circmnstances  on  which  they  seyerally  depend,  was  the  most  likely 
means  of  finding  the  cine  to  the  principles  overlooked. 

4.  Space  and  Velocity, — The  definite  association  of  resistance  as  the 
square  of  the  velocity  with  sensibly  hurge  tubes  and  high  velocities, 
and  of  resistance  as  the  velocity  with  capillary  tubes  and  slow  veloci- 
ties, seemed  to  be  evidence  of  the  very  general  and  important 
influence  of  some  properties  of  fluids  not  recognised  in  the  theory  of 
hydrodynamics. 

As  there  is  no  such  thing  as  absolute  space  or  absolute  time 
recognised  in  mechanical  philosophy,  to  suppose  that  the  character  of 
motion  of  fluids  in  any  way  depended  on  absolute  size  or  absolute 
velocity  would  be  to  suppose  such  motion  outside  the  pale  of  the  laws 
of  motion.  If,  then,  fluids,  in  their  motions,  are  subject  to  these  laws, 
what  appears  to  be  the  dependence  of  the  character  of  the  motion  on 
the  absolute  size  of  the  tube  and  on  the  absolute  velociiy  of  the  im- 
mersed  body  must  in  reality  be  a  dependence  on  the  size  of  the  tube 
as  compared  with  the  size  of  some  other  object,  and  on  the  velocity  of 
the  body  as  compared  with  some  other  velocity.  What  is  the  standard 
object  and  what  the  standard  velocity  which  come  into  comparison 
with  the  size  of  the  tube  and  the  velocity  of  an  immersed  body,  are 
questions  to  which  the  answers  were  not  obvious.  Answers,  however,, 
were  found  in  the  discovery  of  a  circumstance  on  which  sinuous 
motion  depends. 

6.  The  Effect  of  Viscosity  on  the  Character  of  Fluid  Motion. — The 
small  evidence  which  clear  water  shows  as  to  the  existence  of  internal 
eddies,  not  less  than  the  difflculty  of  estimating  the  viscous  nature  of 
the  fluid,  appears  to  have  hitherto  obscured  the  very  important 
circumstance  that  the  more  viscous  a  fluid  is  tJie  less  prone  is  it  to 
eddying  or  sinuous  motion.     To  express   this  definitely,   if  /♦  is   the 

viscosity  and  p  the   density  of    the   fluid,  for  water  -  diminishes 

P 

rapidly  as  the  temperature  rises  ;  thus  at  5°  C.  ^  is  double  what  it  i» 

P 
at  45°  C.     What  I  observed  was  that  the  tendency  of  water  to  eddy 
becomes  much  greater  as  the  temperature  rises. 

Hence,  connecting  the  change  in  the  law  of  resistance  with  the  birtb 
and  development  of  eddies,  this  discovery  limited  further  search  for 
the  standard  distance  and  standard  velocity  to  the  physical  properties 
of  the  fluid. 

To  follow  the  line  of  this  search  would  be  to  enter  upon  a  molecular 
theory  of  liquids,  and  this  is  beyond  my  present  purpose.  It  is  suffi* 
cient  here  to  notice  the  well  known  fact  that — 

P 
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is  a  quantity  of  the  nature  of  the  product  of  a  distance  and  a  velocity'; 
and  to  point  ont  that  the  establishment  of  a  dependence  of  the  character 
of  fluid  motion  on  a  relation  between  the  linear  size  of  the  space,  the 

velocity  of  the  fluid,  and  ^  would  be  equivalent  to  establishing  the 

P. 
existence  of  two  physical  constants,  one  a  distance  and  the  other  a 
velocity  or  a  time,  as  amongst  the  properties  of  fluids.  Using  the 
term  dimension  as  implying  measures  of  time  as  well  as  space,  these 
constants  may  well  be  called  dimensional  properties  or  fluids.  Similar 
constants  are  already  recognised  ;  thus  the  velocity  of  sound  is  such  a 
velocity  constant,  and  the  mean  paths  of  gaseous  molecules,  or  the 
mean  range,  are  such  linear  constants. 

It  is  always  dif&cult  to  trace  the  dependence  of  one  idea  on  another; 
but  it  may  be  noticed  that  no  idea  of  dimensional  properties,  as 
indicated  by  the  dependence  of  the  character  of  motion  on  the  size  of 
the  tube  and  the  velocity  of  the  fluid,  occurred  to  me  until  after  the 
completion  of  my  investigation  on  the  transpiration  of  gases,  in  which 
was  established  the  dependence  of  the  law  of  transpiration  on  the 
relation  between  the  size  of  the  channel  and  the  mean  range  of  the 
gaseous  molecules. 

6.  Evidence  of  Dimensional  Properties  in  the  Equations  of  Motion. — 
The  equations  of  motion  had  been  subjected  to  such  close  scrutiny, 
particularly  by  Professor  Stokes,  that  there  was  small  chance  of  dis- 
covering anything  new  or  faulty  in  them.  It  seemed  to  me  possible, 
however,  that  they  might  contain  evidence  which  had  been  overlooked, 
of  the  dependence  of  the  character  of  motion  on  a  relation  between 
the  dimensional  properties  and  the  external  circumstances  of  motion. 
Such  evidence,  not  only  of  a  connexion,  but  of  a  definite  connexion, 
was  found,  and  this  without  integration. 

If  the  motion  be  supposed  to  depend  on  a  single  velocity  parameter 
U — say  the  mean  velocity  along  a  tube — and  on  a  single  linear 
parameter  c,  say  the  radius  of  the  tube ;  then,  having  in  the  usual 
manner  eliminated  the  pressure  from  the  equations,  there  remain  two 
types  of  terms  in  one  of  which — 

W 

is  a  factor,  and  in  the  other — 

is  a  factor.   So  that  the  relative  values  of  these  terms  vary  respectively 
as  U  and — 

A. 
cp' 

This  is  a  definite  relation  of  the  exact  kind  for  which  I  was  in 
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searoh.  Of  course,  without  integration  the  equations  only  gave  the 
relation,  without  showing  at  all  in  what  way  the  motion  might  depend 
upon  it.  It  seemed,  however,  to  be  certain,  if  the  eddies  were  owing 
to  one  particular  cause,  that  integration  would  show  the  birth  of  eddies 
to  depend  upon  some  definite  value  of — 

cpU 
A* 

7.  The  GoMse  of  Eddies, — There  appeared  to  be  two  possible  causes 
for  the  change  of  direct  motion  into  sinuous.  These  are  best  dis- 
cussed in  the  language  of  hydrodynamics ;  but  as  the  results  of  this 
investigation  relate  to  both  these  causes,  which,  although  the  distinc- 
tion is  subtile,  are  fundamentally  distinct  and  lead  to  distinct  results, 
it  is  necessary  that  they  should  be  indicated. 

The  general  cause  of  the  change  irom  steady  to  eddying  motion 
was,  in  1843,  pointed  out  by  Professor  Stokes  as  being  that,  under 
certain  circumstances,  the  steady  motion  becomes  unstable,  so  that  an 
indefinitely  small  disturbance  may  lead  to  a  change  to  sinuous  motion. 
Both  the  causes  above  referred  to  are  of  this  kind,  and  yet  they  are 
distinct ;  the  distinction  lying  in  the  part  taken  in  the  instability  by 
viscosity.  If  we  imagine  a  fluid  free  from  viscosity  and  absolutely 
free  to  glide  over  solid  surfaces,  then  comparing  such  a  fluid  with 
a  viscous  fluid  in  exactly  the  same  motion — 

(1.)  The  Motionless  fluid  might  be  unstable  and  the  viscous 
stable.  Under  these  circumstances  the  cause  of  eddies  is  the  insta- 
bility as  a  perfect  fluid,  the  effect  of  viscosity  being  in  the  direction 
of  stability. 

r2.)  The  frictionless  fluid  might  be  stable  and  the  viscous  fluid 
unstable ;  under  which  circumstances  the  cause  of  instability  would 
be  the  viscosity. 

It  was  clear  to  me  that  the  conclusion  I  had  drawn  from  the 
equations  of  motion  immediately  related  only  to  the  first  cause.  Nor 
could  I  then  perceive  any  possible  way  in  which  instability  could 
result  from  viscosity.  All  the  same  I  felt  a  certain  amount  of 
uncertainty  in  assuming  the  first  cause  of  instability  to  be  general. 
This  uncertainty  was  the  result  of  various  considerations,  but 
particularly  from  my  having  observed  that  eddies  apparently  come  on 
in  very  different  ways,  according  to  a  very  definite  circumstance  of 
motion,  which  may  be  illustrated. 

When  in  a  channel  the  water  is  all  moving  in  the  same  direction, 
the  velocity  being  greatest  in  the  middle  and  diminishing  to  zero  at 
the  sides,  as  indicated  by  the  carve  in  fig.  1,  eddies  showed  themselves 
relnctantiy  and  irregularly;  whereas  when  the  water  on  one  side 
of  the  channel  was  moving  in  the  opposite  direction  to  that  on 
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Fig.  1. 


the  other,  aa  shown  by  the  curve  in  fig.  2,  eddies  appeared  in  the 
middle  regnhrlj  and  readily. 


Fig.  2. 


8.  Methods  of  Investigation. — There  appeared  to  be  two  ways  of 
proceeding,  the  one  theoretical,  the  other  practical. 

The  theoretical  method  involved  the  integration  of  equations 
for  unsteady  motion  in  a  way  that  had  not  then  been  accomplished, 
and  which,  considering  the  general  intractability  of  the  equations,  was 
not  promising. 

The  practical  method  was  to  test  the  relation  between  IJ,  ^,  and  c; 

P 
this,  owing  to  the  simple  and  definite  form  of  the  law,  seemed  to 
offer,  at  all  events  in  the  first  place,  a  far  more  promising  field  of 
research. 

The  law  of  motion  in  a  straight  smooth  tube  offered  the  simplest 
possible  circumstances  and  the  most  crucial  test. 

The  existing  experimental  knowledge  of  the  resistance  of  water  in 
tubes,  although  very  extensive,  was  in  one  important  respect  incom- 
plete. The  previous  experiments  might  be  divided  into  two  classes — 
(1)  those  made  under  circumstances  in  which  the  law  of  resistance 
was  as  the  square  of  the  velocity,  and  (2)  those  made  under  circum- 
stances in  which  the  resistance  varied  as  the  velocity.  There  had 
not  apparently  been  any  attempt  made  to  determine  the  exact  circum- 
stances under  which  the  change  of  law  took  place. 

Again,  although  it  had  been  definitely  pointed  out  that  eddies 
would  explain  the  resistance  as  the  square  of  the  velocity,  it  did  not 
appear  that  any  definite  experimental  evidence  of  the  existence  of 
eddies  in  parallel  tubes  had  been  obtained,  and  much  less  was  there 
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any  evidence  as  to  whether  the  birth  of  eddies  was  simnltaneoos  with 
the  change  in  the  law  of  resistance. 

These  open  points  may  be  best  expressed  in  the  form  of  queries  to 
which  the  answers  anticipated  were  in  the  affirmative. 

(1.)  What  was  the  exact  relation  between  the  diameters  of  the  pipes 
and  the  velocities  of  the  water  at  which  the  law  of  resistance 
changed ;  was  it  at  a  certain  valne  of 

cU? 

(2.)  Did  this  change  depend  on  the  temperature,  t.e.,  the  viscosity  of 
water ;  was  it  at  a  certain  value  of 

(3.)  Were  there  eddies  in  parallel  tubes  ? 

(4.)  Did  steady  motion  hold  up  to  a  critical  value  and  then  eddies 
come  in  P 

(5.)  Did  the  eddies  come  in  at  a  certain  value  of 

(6.)  Did  the  eddies  first  make  their  appearance  as  small,  and  then 
increase  gradually  with  the  velocity,  or  did  they  come  in  suddenly  ? 

The  bearing  of  the  last  query  may  not  be  obvious;  but,  as  will 
appear  in  the  sequel,  its  importajice  was  such  that  in  spite  of  satis- 
factory answers  to  all  the  other  queries,  a  negative  answer  to  this  in 
respect  of  one  particular  class  of  motions  led  to  the  reconsideration 
of  the  supposed  cause  of  instability  and  eventually  to  the  discovery  of 
instability  caused  by  fluid  friction. 

The  queries  as  they  are  put  suggest  two  methods  of  experi- 
menting :— 

(1.)  Measuring  the-resistances  and  velocities  for  different  diameters, 
and  with  different  temperatures  of  water. 

(2.)  Visual  observation  as  to  the  appearance  of  eddies  during  the 
flow  of  water  along  tubes  or  open  channels. 

Both  these  methods  have  been  adopted,  but  as  the  question  relating 
to  eddies  had  been  the  least  studied  the  second  method  was  the  first 
adopted. 

9.  Experiments  by  Visual  Observations. — The  most  important  of 
these  experiments  related  to  water  moving  in  one  direction  along 
glass  tubes.  Besides  these,  however,  experiments  on  fiuids  fiowing  in 
opposite  directions  in  the  same  tube  were  made ;  also  a  third  class  of 
experiments  which  related  to  motion  in  a  flat  channel  of  indefinite 
breadth. 

These  last-mentioned  experiments  resulted  from  an  incidental 
observation  during  some  experiments  made  in  1876  as  to  the  effect 
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of  oil  to  prevent  wind  waves.  As  the  result  of  this  observation  had 
no  small  influence  in  directing  the  coarse  of  this  investigation,  it  may 
be  well  to  describe  it  first. 

10.  Eddies  caused  hy  the  Wind  Umea^  the  OHed  Surface  of  Water.— 
A  few  drops  of  oil  on  the  windward  side  of  a  pond  during  a  stiflT 
breeze  having  spread  over  the  pond  and  completely  calmed  the 
surface  as  regards  waves,  the  sheet  of  oi],  if  it  may  be  so  called,  waa 
observed  to  drift  before  the  wind,  and  it  was  then  particularly 
noticed  that  close  to,  and  at  a  considerable  distance  from,  the  wind- 
ward edge,  the  surface  presented  the  appearance  of  plate  glass; 
further  from  the  edge  the  surface  presented  that  wavering  appear- 
ance which  has  already  been  likened  to  that  of  sheet  glass,  which 
appearance  was  at  the  time  noted  as  showing  the  exibtence  of  eddies 
beneath  the  surface. 

Subsequent  observation  confirmed  this  first  view.  At  a  sufficient 
distance  from  the  windward  edge  of  an  oil-calmed  surface  there  are 
always  eddies  beneath  the  surface  even  when  the  wind  is  light.  But 
the  distance  from  the  edge  increases  rapidly  as  the  force  of  the  wind 
diminishes,  so  that  at  a  limited  distance  (10  or  20  feet)  the  eddies- 
will  come  and  go  with  the  wind. 

Without  oil  I  was  unable  to  perceive  any  indication  of  eddies.  At 
first  I  thought  that  the  waves  might  prevent  their  appearance  even  if 
they  were  there,  but  by  careful  observation  I  convinced  myself  that 
they  were  not  there.  It  is  not  necessary  to  discuss  these  results  here, 
although,  as  will  appear,  they  have  a  very  important  bearing  on  the 
cause  of  instability. 

11.  Experiments  hy  Means  of  Colour  Bands  in  Glass  Ti*6m.— These 
were  undertaken  early  in  1880 ;  the  final  experiments  were  made  on. 
three  tubes,  Nos.  1,  2,  and  3. 

The  diameters  of  these  were  nearly  1-inch,  4-inch,  and  ^-inch. 
They  were  all  about  4»  feet  6  inches  long,  and  fitted  with  trumpet 
mouthpieces,  so  that  water  might  enter  without  disturbance. 

The  water  was  drawn  through  the  tubes  out  of  a  large  glass 
tank  in  which  the  tubes  were  immersed,  arrangements  being  made  so 
that  a  streak  or  streaks  of  highly  coloured  water  entered  the  tubes 
with  the  clear  water. 

The  general  results  were  as  follows  : — 

(1.)  When  the  velocities  were  sufficiently  low,  the  streak  of  colour 
extended  in  a  beautiful  straight  line  through  the  tube,  fig.  8. 

Fie.  3. 
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(2.)  If  the  water  in  tlie  tank  had  not  quite  settled  to  rest,  at  suffi- 
ciently low  velocities  the  streak  would  shift  aboat  the  tabe,  bat  there 
was  no  appearance  of  sinnosity. 

(3.)  As  the  velocitj  was  increased  by  small  stages  at  some  point  in 
the  tnbe  always  at  a  considerable  distance  from  the  trumpet  or  intake, 
the  colour  band  would  all  at  once  mix  up  with  the  surrounding  water, 
and  fill  the  rest  of  the  tube  with  a  mass  of  coloured  water,  as  in  fig.  4. 

Fio.  4. 


Any  increase  in  the  Telocity  caused  the  point  of  breakdown  to 
approach  the  trumpet,  but  with  no  velocities  that  were  tried  did  it 
reach  this. 

On  viewing  the  tube  by  the  light  of  an  electric  spark,  the  mass  of 
colours  resolved  itself  into  a  mass  of  more  or  less  distinct  curls 
showing  eddies,  as  in  fig.  5. 


Fig.  5. 


N. 
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The  experiments  thus  seemed  to  settle  questions  3  and  4  in  the 
affirmative — the  existence  of  eddies  and  a  critical  velocity. 

They  also  settled  in  the  negative,  question  6  as  to  the  eddies 
coming  in  gradually  after  the  critical  velocity  was  reached. 

In  order  to  obtain  an  answer  to  question  5  as  to  the  law  of  the 
critical  velocity,  the  diameters  of  the  tubes  were  carefully  measured, 
also  the  temperature  of  the  water  and  the  rate  of  discharge. 

(4.)  It  was  then  found  that  with  water  at  a  constant  temperature 
and  the  tank  as  still  as  could  by  any  means  be  brought  about,  the 
critical  velocities  at  which  the  eddies  showed  themselves  were  exactly 
in  the  inverse  ratios  of  the  diameters  of  the  tubes. 

(5.)  That  in  all  the  tubes  the  critical  velocity  diminished  as  the 
temperature  increased,  the  range  being  from  5**  C.  to  22°  C.  and  the 
law  of  this  diminution,  so  far  as  could  be  determined,  was  in  accor- 
dance with  Poiseuille's  experiment. 

Taking  T  to  express  degrees  Centigrade,  then  by  Poiseuille*s 
'experiments  — 

^oc  P=l +00336 T+0-00221  T«, 
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Taking  a  metre  as  the  unit,  IJ«  the  critical  velodtj,  and  D  the 
diameter  of  the  tube,  the  law  of  the  critical  point  is  completely 
expressed  bj  the  formula 

where  B,=4i3-7 

This  is  a  complete  answer  to  question  5. 

During  the  experiments  many  things  were  noticed  which  cannot  be 
mentioned  here,  but  two  circumstances  should  be  mentioned  as 
emphasizing  the  negative  answer  to  question  6.  In  the  first  place, 
the  critical  velocity  was  much  higher  than  had  been  expected  in  pipes 
of  such  magnitude,  resistance  varying  as  the  square  of  the  velocity 
had  been  found  at  very  much  smaller  velocities  than  those  at  which 
the  eddies  appeared  when  the  water  in  the  tank  was  steady.  And  in 
the  second  place  it  was  observed  that  the  critical  velocity  was  very 
sensitive  to  disturbance  in  the  water  before  entering  the  tubes,  and  it 
was  only  by  the  greatest  care  as  to  the  uniformity  of  the  temperature 
of  the  tank  and  the  stillness  of  the  water  that  consistent  results  were 
obtained.  This  showed  that  the  steady  motion  was  unstable  for 
large  disturbances  long  before  the  critical  velocity  was  reached,  a  fact 
which  agreed  with  the  full  blown  manner  in  which  the  eddies 
appeared. 

12.  Experiments  with  two  Streams  in  (Opposite  Directions  in  the  same 
Tube, — A  glass  tube  5  feet  long  and  1*2  inch  in  diameter,  having  its 
ends  slightly  bent  up  as  shown  in  fig  6,  was  half  filled  with  bisulphide 

Fio.  6. 


of  carbon,  and  then  filled  up  with  water  and  both  ends  corked.  The 
bisulphide  was  chosen  as  being  a  limpid  liquid,  but  little  heavier  than 
water  and  completely  insoluble,  the  surface  between  the  two  liquids 
being  clearly  distinguishable.  When  the  tube  was  placed  in  a 
horizontal  direction,  the  weight  of  the  bisulphide  caused  it  to  spread 
along  the  lower  half  of  the  tube,  and  the  surface  of  separation  of  the 
two  Uquids  extended  along  the  axis  of  the  tube. 

On  one  end  of  the  tube  being  sHghtly  raised  the  water  wotdd  flow 
to  the  upper  end,  and  the  bisulphide  fall  to  the  lower,  causing  opposite 
currents  along  the  upper  and  lower  halves  of  the  tube,  while  in  the 
middle  of  the  tube  the  level  of  the  surfiice  of  separation  remained 
unaltered. 
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The  particnlar  purpose  of  this  inyestigationwas  to  ascortaiii  whether 
"there  wa.8  a  critical  velocity  at  which  waves  or  sinuosities  would  show 
themselves  in  the  surface  of  separation.  It  proved  a  very  pretty 
-experiment  and  completely  answered  its  purpose. 

When  one  end  was  raised  quickly  by  a  definite  amount,  the  opposite 
velocities  of  the  two  liquids,  which  were  greatest  in  the  middle  of  the 
tube,  attained  a  certain  maximum  value  depending  on  the  inclination 
given  to  the  tube.  When  this  was  small  no  signs  of  eddies  or 
•sinuosities  showed  themselves,  but  at  a  certain  definite  inclination 
waves  (nearly  stationary)  showed  themselves,  presenting  all  the 
appearance  of  wind  waves. 

These  waves  first  made  their  appearance  as  very  small  waves  of 
•equal  lengths,  the  length  being  comparable  to  the  diameter  of  the  tube. 

Fia.  7. 


When  by  increasing  the  rise,  the  velocities  of  flow  were  increased, 
the  waves  kept  the  same  length,  but  became  higher,  and  when  the  rise 
was  sufficient,  the  waves  would  carl  and  break,  the  one  fluid  winding 
itself  into  the  other  in  regular  eddies. 

Whatever  might  be  the  cause,  a  skin  formed  slowly  between  the 
bisulphide  and  the  water,  and  this  skin  produced  similar  efiects  to 
that  of  oil  on  water,  the  results  mentioned  are  those  which  were 
obtained  before  the  skin  showed  itself.  When  the  skin  first  came  on 
regular  waves  ceased  to  form,  and  in  their  place  the  surface  was  dis- 
turbed as  if  by  irregular  eddies  above  and  below,  just  as  in  the  case  of 
the  oiled  surface  of  water. 

The  experiment  was  not  adapted  to  afibrd  a  definite  measure  of  tbe 
velocities  at  which  the  various  phenomena  occurred,  but  it  was  obvious 
that  the  critical  velocity  at  which  the  waves  first  appeared,  was  many 
times  smaller  than  the  critical  velocity  in  a  tube  of  the  same  size  when 
the  motion  was  in  one  direction  only.  It  was  also  clear  that  the 
critical  velocity  was  nearly  if  not  quite  independent  of  any  existing 
disturbance  in  the  liquids.     So  that  this  experiment  shows — 

(1.)  That  there  is  a  critical  velocity  in  the  case  of  opposite  flow,  at 
which  direct  motion  becomes  unstable. 

(2.)  That  the  instability  came  on  gradually  and  did  not  depend  on 
the  magnitude  of  the  disturbances,  or  in  other  words,  that  for  this 
class  of  motion  question  6  must  be  answered  in  the  affirmative. 

It  thus  appeared  that  there  was  some  difference  in  the  cause  of 
instability  in  the  two  motions. 


Digitized  by 


Google 


1883.J  On  tlie  Motion  of  Water.  95 

13.  Further  Study  of  the  Equations  of  Motion. — Having  now  definite 
data  to  guide  me,  I  was  anxions  to  obtain  a  fuller  explanation  of  these 
Tesolts  from  the  equation  of  motion.  I  still  saw  only  one  waj  open 
to  acoonnt  for  the  instability,  namely,  by  assuming  the  instability  of  a 
frictionless  fluid  to  be  general. 

Having  found  a  method  of  integrating  the  equations  as  far  as  to 
show  whether  any  particular  form  of  steady  motion  is  stable  for  a 
small  disturbance,  1  applied  this  method  to  the  case  of  parallel  flow 
in  a  frictionless  fluid.  The  results  which  I  obtained  at  once  were, 
that  flow  in  one  direction  was  stable,  flow  in  opposite  directions 
unstable.  This  was  not  what  I  was  looking  for,  and  I  spent  much 
time  in  trying  to  find  a  way  out  of  it,  but  whatever  objections  my 
method  of  integration  may  be  open  to,  I  could  make  nothing  less 
of  it. 

It  was  not  until  the  end  of  1 882  that  I  abandomed  further  attempts 
with  a  frictionless  fluid  and  attempted  by  the  same  method  the  integra- 
tion of  a  viscous  fluid.  This  change  was  in  consequence  of  a  dis- 
covery that  in  previously  considering  the  effect  of  viscosity  I  had 
omitted  to  take  fully  into  account  the  boundary  conditions  which 
resulted  from  the  friction  between  the  fluid  and  the  solid  boundary. 

On  taking  these  boundary  conditions  into  account,  it  appeared  that 
although  the  tendency  of  viscosity  through  the  fluid  is  to  render 
direct  or  steady  motion  stable,  yet  owing  to  the  boundary  condition  ' 
resulting  from  the  friction  at  the  solid  surface,  the  motion  of  the  fluid 
irrespective  of  viscosity  would  be  unstable.  Of  course  this  cannot 
be  rendered  intelligible  without  going  into  mathematics.  But  what  I 
want  to  point  out  is  that  this  instability,  as  shown  by  the  integration 
of  the  equations  of  motion,  depends  on  exactly  the  same  relation 

UocA 

as  that  previously  found. 

This  explained  all  the  practical  anomalies,  and  particularly  the 
absence  of  eddies  below  a  pure  surface  of  water  exposed  to  the  wind ; 
for  in  this  case,  the  surface  being  free,  the  boundary  condition  was 
absent,  whereas  the  film  of  oil  by  its  tangential  stiffness  introduced 
this  condition.  This  circumstance  alone  seemed  a  sufficient  verifica- 
tion of  the  theoretical  conclusion. 

But  there  was  also  the  sudden  way  in  which  eddies  came  into 
existence  in  the  experiments  with  the  colour  band,  and  the  effect  of 
disturbances  to  lower  the  critical  velocity.  These  were  also  explained, 
for  as  long  as  the  motion  was  steady  the  instability  depended  upon  the 
boundary  action  alone,  but  once  eddies  introduced  the  stability  would 
be  broken  down. 

It  thus  appeared  that  the  meaning  of  the  experimental  results  had 
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been  ascertained,  and  the  relation  between  the  fonr  leading  features 
and  the  circumstances  on  which  they  depend  traced,  for  the  case  of 
water  in  parallel  flow.  Bat  as  it  appeared  that  the  critical  velocity 
in  the  case  of  motion  in  one  direction  did  not  depend  on  the  cause  of 
instability  with  a  view  to  which  it  was  investigated,  it  followed  that 
there  must  be  another  critical  velocity  which  would  be  the  velocity  at 
which  previously  existing  eddies  would  die  out,  and  the  motion  become 
steady  as  the  water  proceeded  along  the  tube.  This  conclusion  has 
been  verified. 

14.  Results  of  Experiments  on  the  Law  of  Resistance  in  Tubes. — The 
existence  of  the  critical  velocity  described  in  the  previous  article 
ooxdd  only  be  tested  by  allowing  water  in  a  high  state  of  disturbance 
to  enter  a  tube,  and  after  flowing  a  sufficient  distance  for  the  eddies 
to  die  out,  if  they  were  going  to  die  out,  to  test  the  motion.  As  it 
seemed  impossible  to  apply  the  method  of  colour  bands,  the  test 
applied  was  that  of  the  law  of  resistance  as  indicated  in  questions  (1) 
and  (2)  in  §  8.  The  result  was  very  happy.  Two  straight  lead  pipes. 
No.  4  and  No.  5,  each  16  feet  long,  and  having  diameters  of  a  quarter 
and  half  inch  respectively,  were  used. 

The  water  was  allowed  to  flow  through  rather  more  than  10  feet 
before  coming  to  the  first  gauge-hole,  the  second  gauge-hole  being 
5  feet  further  along  the  pipe. 

The  results  were  very  definite,  and  are  partly  shown  in  fig.  8. 


(1.)  At  the  lower  velocities  the  pressure  was  proportional  to  the 
velocity,  and  the  velocities  at  which  a  deviation  from  this  law  first 
occuiTed  were  in  the  exact  inverse  ratio  of  the  diameters  of  the 
pipes. 

(2.)  Up  to  these  critical  velocities  the  discharges  from  the  pipes 
agreed  exactly  with  those  given  by  Poiseuiile's  formula  for  capillary 
tubes. 

(3.)  For  some  little  distance  after  passing  the  critical  velocity  no 
very  simple  relations  appeared  to  hold  between  the  pressures  and 
velocities  ;  but  by  the  time  the  velocity  reached  IS  (critical  velocity) 
the  relation  became  again  simple.  The  pressure  did  not  vary  as  the 
square  of  the  velocity,  but  as  1722  power  of  the  velocity;  this  law 


Digitized  by 


Google 


1883.]  On  the  Motion  of  Water.  97 

held  in  both  tubes,  and  through  velocities  raoging  from  1  to  60, 
where  it  showed  no  signs  of  breaking  down. 

(4.)  The  most  striking  resnlt  was  that  not  only  at  the  critical  velocity, 
but  thronghoat  the  entire  motion  the  laws  of  resistance  exactly  corre- 
sponded for  velocities  in  the  ratio  of 


Tliis  last  resnlt  was  bronght  oat  in  the  most  striking  manner  on 
reducing  the  results  by  the  graphic  method  of  logarithmic  homologues 
as  described  in  my  paper  on  Thermal  Transpiration. 

Calling  the  resistance  per  unit  of  length  as  measured  in  the  weight 
of  cubic  units  of  water  i,  and  the  velocity  v,  log  t  is  taken  for  abscissa, 
and  log  V  for  ordinate,  and  the  curve  plotted. 

In  this  wsLj  the  experimental  results  for  each  tube  are  represented 
ha  a  corve ;  these  curves,  which  are  shown  as  far  as  the  small  scale 
wUl  Admit  in  fi^.  9,  present  exactly  the  same  shape,  and  only  differ  in 
posit/on. 

Fio.  9. 


Pipe.  Diameter. 

No.  4,  Lead (T'OOGIB 

»    6,     „    00127 

A,  Glass    0  0496 

B,  Cast  iron 0-188 

D,        „         ....  0-5 

0,  Varnish    ....  0  196 

Either  of  the  curves  may  be  brought  into  exact  coincidence  with 
the  other  by  a  rectangular  shift,  and  the  horizontal  shifts  are  given 
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by  the   difference  of  the  logarithm  of  —  for  the  two  tubes,  the 

vertical  shifts  by  the  difference  of  the  logarithm  of 

D 


The  temperatures  at  which  the  experiment  had  been  made  were 
nearly  the  same,  but  not  quite,  so  that  the  effect  of  the  variations  of  /( 
showed  themselves. 

15.  Comparison  withBarcffs  Experiments. — The  definiteness  of  these 
results,  their  agreement  with  Poiseuille's  law,  and  the  new  form  which 
they  more  than  indicated  for  the  law  of  resistance  above  the  critical 
velocity,  led  me  to  compare  them  with  the  well-known  experiments  of 
Darcy  on  pipes  ranging  from  0*014«  to  0*5  metre.  Taking  no  notice 
of  the  empirical  laws  by  which  Darcy  had  endeavoured  to  represent 
his  results,  T  had  the  logarithmic  homologues  plotted  from  his  pub- 
lished experiments.  If  my  law  was  general  then  these  log  curves, 
together  with  mine,  shoxdd  all  shift  into  coincidence  if  each  were 
shifted  horizontally  through 

D3 

and  vertically  through — 

D 
"P- 

In  calculating  these  shifts  there  were  some  doubtful  points.  Darcy's 
pipes  were  not  uniform  between  the  gauge  points,  the  sections  varying 
as  much  as  20  per  cent.,  and  the  temperature  was  only  casually  given. 
These  matters  rendered  a  close  agreement  unlikely ;  it  was  rather  a 
question  of  seeing  if  there  was  any  systematic  disagreement.  When 
the  curves  came  to  be  shifted  the  agreement  was  remarkable ;  in  only^ 
one  respect  was  there  any  systematic  disagreement,  and  this  only 
raised  another  point ;  it  was  only  in  the  slopes  of  the  higher  portions 
of  the  curves.  In  both  my  tubes  the  slopes  were  as  1'722  to  1 ;  in 
Darcy's  they  varied  according  to  the  nature  of  the  material,  from 
the  lead  pipes,  which  were  the  same  as  mine,  to  1'92  to  1  with  the 
cast  iron.  This  seems  to  show  that  the  nature  of  the  surface  of  the 
pipe  has  an  effect  on  the  law  of  resistance  above  the  critical  velocity. 

16.  The  Critical  Velocities. — All  the  experiments  agreed  in  giving 

'    278  D 
ss  the  critical  velocity,  to  which  correspond  as  the  critical  pressure 
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the  xmits  being  metres  and  degrees  Centigrade.  It  will  be  observed 
that  this  value  is  much  less  than  the  critical  velocity  at  which  steady 
motion  broke  down. 

17.  Oeneral  Law  of  Resistance. — The  log  homolognes  all  consist  of 
two  straight  branches,  the  lower  branch  inclined  at  45**,  and  the  upper 
one  at  n  horizontal  to  1  vertical,  except  for  the  small  distance  beyond 
the  critical  velocity  these  branches  constitute  the  curves.  These  two 
branches  meet  in  a  point  o  on  the  curve  at  a  definite  distance  below 
the  critical  pressure,  so  that,  ignoring  the  small  portion  of  the  curve 
above  the  point  before  it  again  coincides  with  the  upper  branch,  the 
logarithmic  homologues  give  for  the  law  of  resistance  for  all  pipes  and 
all  velocities — 


^H-^-y- 


where  n  has  the  value  unity  as  long  as  either  member  is  below  unity, 
and  then  takes  the  value  of  the  slope  »  to  1  for  the  particular  surface 
of  the  pipe. 

If  the  units  are  metres  and  degrees  Centigrade — 

A=67,7OO,O0O, 

B=398, 

P=l  -hO-0336  T + 0000221  T«. 

This  equation  then,  excluding  the  region  immediately  about  the 
•critical  velocity,  gives  the  law  of  resistance  in  Poiseuille's  tubes,  those 
of  the  present  investigation,  and  Darcy's,  the  range  of  diameters 
being 

from  0-000013  (Poiseuille,  1843), 

to  0-5  (Darcy,  1857) ; 

and  the  range  of  velocities — 

from  000261       .  tooo 

>  metres  per  sec.,  1883. 
to  7  J  ^ 

This  algebraical  formula  shows  that  the  experiments  entirely  accord 
•with  the  theoretical  conclusions.  The  empirical  constants  are  A,  B,  P, 
and  n;  the  first  three  relate  solely  to  the  dimensional  properties  of  the 
fluid  which  enter  into  the  viscosity,  and  it  seems  probable  that  the  last 
relates  to  the  properties  of  the  surface  of  the  pipe. 

Much  of  the  success  of  the  experiments  is  due  to  the  care  and  skill 
of  Mr.  Foster  of  Owens  College,  who  has  constructed  the  apparatus 
and  assisted  me  in  making  the  experiments. 

The  Society  then  adjourned  over  the  Easter  Recess  to  Thursday, 
April  5th. 
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Zeitschrift.  Band  XVI.  Heft  1,  2.  8vo.    Jena  1882. 

The  Society. 

London : — Mineralogical  Society.     Mineralogical  Magazine,  Vol.  V. 

No.  23.  8vo.  London  1882.  The  Society. 

Boyal    United     Service    Institution.       Journal.     Vol.    XXVI. 

No.  118.  8vo.  London,  The  Institution* 

Statistical  Society.     Journal.  Vol.  XLV.  Part  4.  8vo.  London. 

The  Society. 
Louvain: — Universite   Catholique.     Theses,    1881-82.     8vo.     An- 
nuaires  1841-43.    1883.  12nio.  Louvain.     De  Vita  et  Scriptia 
Aphraatis,  Sapientis  Perssa.    8yo.    Lovanii  1882. 

The  University. 

Milan : — Accademia  Fisio  -  Medico  -  Statistica.     Atti.     1882.    8vo- 

Milano  1882.  The  Academy. 

Bicale   Istituto  Lombardo.      Atti  della    Fondazione    Scientifica 

Oagnola.     Vol.  VI.  Parte  2.  (1873-78.)  8vo.    Programma  dei 

Goncorsi  ai  Premj.  1882.  8vo.  The  Institute.. 

Missouri  : — Historical  Society.     Publications.  Nos.  6,  6.  8vo. 

The  Society. 
Modena : — Societa  Italiana  delle  Scienze.    Memorie.  Serie  3.  Tomo- 

III.  4to.  Na'poli  1879. 

Montpellier  : — Academic  des  Sciences  et  Lettres.     M^moires  de  la 

Section  des   Lettres.     Tome  VII.    Fasc.  1.    4to.    Montpellier 

1882.  The  Academy. 

Montreal  :—McGill  College.     Calendar.    1882-83.    8vo.     Montreal 

1882.  The  College. 

Natural   History    Society.     Canadian    Naturalist.     New   Series. 

Vol.  X.  No.  6.  8vo.  Montreal  1882.  The  Society. 

Moscow: — Soci^t^    Imp^riale   des  Natnralistes.      Bulletin.    1881. 

No.  4.    1882.     No.   1.     Table   Generale.    Vols.    1-^6.    8vo. 

Moscou  1882.  The  Society. 
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Transactions  {eonUnued). 

Munich : — K.  B.  Akademie  der  Wissenschaften.  Sitnngsbericlite. 
Math..Phys  Classe.  1882.  Hefte  3,  4  Phil.-Hist.  Classe.  1882. 
Band  I.  Hefte  1,  2.     Band  II.  Heft  1.  8vo.  Munchen  1882. 

The  Academy. 

Munster: — K.  Akademie.     8  Inangnral-Dissertationen.  8vo.  Index 

Lectionnm.  4to.  Monasterii  Questfalorum,  The  Academy. 

Naples : — Zoologische   Station.     Mittheilungen.  Band  III.  Heft  4. 

8vo.  Leipzig  1882.  The  Station. 

Nenchatel : — Soci6t^  des  Sciences  Naturelles.     Bulletin.  Tome  XII. 

Cahier  3.  8vo.  Ntiichat-el  1882.  The  Society. 

New    Haven    (U.    S.)  : — Connecticut    Academy.       Transactions. 

Vol.  IV.  Part  2.   Vol.  V.  Part  2.   8vo.  New  Haven  1882. 

The  Academy. 
New  York: — Academy  of  Sciences.     Annals.   Vol.  II.   Nos.  7-9. 
Transactions.  Vol.  I.  Nos.  2-5.  8vo.  New  York  1882. 

The  Academy. 
American  Oeographical  Society.    Journal.  1881.  Vol.  XHI.  8vo. 
New  York.  Bulletin.  1881.  No.  5.  8vo.  New  York. 

The  Society. 

American    Museum    of    Natural    History.       Btdletin.    Vol.    I. 

Nos.  2,  3.    8vo.   New  York  1882.     Thirteenth  Annual  Report. 

8vo.  New  York  1882.  The  Museum. 

Paris : — £cole  des  Hautes  £tudes.    Bibliotheque.  Fasc.  50-62.  4fco. 

et  8vo,  Paris  1882.  The  Schools. 

£cole  Normale  Sup&ieure.     Annales.  2me  S6rie.  Tome  XI.  Nos. 

4-12  et  Supplement.  Tome  XII.  No.  1.  4to.  Paris  1882-83. 

The  Schools, 
^ole  Polytechnique.     Journal.  Cahier  LI.  4to.  Paris  1882. 

The  Schools. 

Museum  d*Histoire  Naturelle.     Nouvelles  Archives.    2me  Serie. 

Tome  V.  4to.  Paris  1882.  The  Museum. 

Society  de  Biologie.     Comptes  Rendus  et  M^moires.     7me  S^rie. 

Tome  II.  8vo.  Paris  1881.  The  Society. 

Society  de  Geographic.     Bulletin.  1876,  F6vrier ;  1878,  F6vrier ; 

1880,  Novembre;  1881,  Septembre;  1882,  Trimestre  1-3.  8vo. 

Paris  1876-82.     Comptes  Rendus.  8vo.  The  Society. 

Philadelphia: — Franklin  Institute.     Journal.    July  to   December, 

1882.   8vo.  Philadelphia.  The  Institute. 


Observations  and  Reports. 

Clinton  (N.  Y.)  :— The  Litchfield  Observatory  of  Hamilton  College. 
Celestial  Charts  by  C.  H.  F.  Peters.     Nos.  1-20.  Oblong  Folio. 

The  Observatory. 
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Obfiervations,  &ic.  (contimied). 

Coldba: — Government  Observatory,  Report  on  the  condition  and 
proceedings  of  the  Observatory.     June  30,  1882.  4to. 

The  Observatory. 

India: — Survey.     Tide-Tables   for  the  Indian   Ports,   1883.  (also^ 

January  1884).  12mo.  The  India  Office. 

Kew : — ^Report  on  the  Progress  and  conditions  of  the  Royal  Gardens,. 

1881.     8vo.  London  1882.  The  Director. 

London: — ^Admiralty.      Statistical   Report  of  the  Health  of    the 

Navy.     1881.  8vo.  London  1882.  The  Admiralty. 

Board  of  Trade.     Report  of  their  Proceedings  under  the  Weights 

and  Measures  Act,  1878.  4to.  The  Board. 

Madras : — Meteorological  Office.     Administration  Report,  1881-82. 

8vo.  Madras  1882.  The  Meteorological  Reporter. 

Melbourne : — Observatory.     Monthly  Record.    March  to  December ,^ 

1881.     8vo.  Melbourne,  The  Observatory. 

Office  of  the  Gt)vemment  Statist.     Australasian   Statistics  for 

1881.     4to.  Melbourne  1882    (2  copies).     Statistical  Register, 

1880.  Parts  8,  9,  and  General  Index :  1881.  Parts  1-4.  4to. 
Melbourne  1882.  Agricultural  Statistics,  1881-82.  4to.  Mel- 
bourne, Census  of  Victoria.  Part  1-4.  4to.  Occupations  of 
the  People.  4to.  Conjugal  Condition  of  the  People,  1871  and 

1881.  4to.  Melbov/me.  The  Government  Statist. 
Office  of  Mines.     Report  of  the  Chief  Inspector  of  Mines  for  1881 

4to.  Melbourne  1882.  Reports  of  the  Mining  Surveyors  and 
Registrars.   March,  June,  and  September,  1882.   4to.  Melbourne 

1882.  Mineral  Statistics  of  Victoria  for  1881.  4 to.  Melbourne 
1881.  The  Minister  of  Mines 

Public  Library,  Museums,  Ac.     Report  of  the  Trustees  for  1881 

4to.     Melbourne  1882.  The  Chief  Secretary  of  Victoria. 

Milan  : — Reale  Osservatorio  di  Brera.     Pubblicazioni.     No.  XXI. 

4to.  Milano  1882.  The  Observatory. 


Bertin  (L.  E.)  Experience  de  roulis  factices  du  Mytho ;  ex- 
periences compl6mentaires  sur  le  fonctionnement  de  Toscillographe 
double.     4to.  \^Gherbourg  1880.]  [Lithographed.]         The  Author. 

Decaisne  (J.  )  Revision  des   Cl^matites  du  Groupe  des  Tubuleuses 
cultiv6es  au  Museum.    4to.  Faris,  The  Author. 

Dewalque  (G.)  Sur  TOrigine  Corallienne  des  Calcaires  Devoniens  de 
la  Belgique.  8vo.  Bruxelles  1882.  Sur  la  nouvelle  Note  de  M. 
fi.  Dupont,  concemant  sa  Revendication  de  Priority.  8vo. 
Bruxelles  1882.  The  Author. 

Dollo  (L.)  Premiere  Note  sur  les  Dinosauriens  de  Berrissart.  8vo. 

The  Author. 
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Dnbois  (Alph.)  De  la  Variability  des  Oiseanx  dn  Genre  Lozia,  8yo. 

The  Author. 

£delmaiin  (Th.)  Apparat  znr  Bestimmniig  des  Specifischen  Gewiohtes 

Yon  G^asen.    8vo.    Munchen  [1881.]     Untersuchongen  uber  die 

Bestimmang  der   erdmagnetischen  Inclination    vermittelst  des 

Weber'schen  Erdind actors.     8yo.  Munchen  1881.        The  Author. 

Gnimara^    (A.  B.  Pereira)    Description   d'on  nonvean   Poisson  de 

rint^rienr  d'Angola,     8vo.  [Lishoa  1882,]  The  Author. 

Moore  (F.)  The Lepidoptera  of  Ceylon.     Part  VI.  4to.    Londonl8S2. 

The  Government  of  Ceylon,  per  the  Crown  Agents. 

Plantamour  (P.)  Des  Mouvements  P^riodiques  du  Sol  accus^  par 

des  Niveaux  k  Bnlle  d'Air  (4"-  Annfo.)     8vo.  Oenkve  [1882.] 

The  Author. 
Schmidt  (Georg.)  Die  Mitthaterschaft.     8yo.  Warms  [1882.] 

The  Author 
Wolf  (Dr.  Rudolf)  Astronomische  Mittheilungen.  LVI,  LVII.  8vo. 

The  Author. 


Fresents,  February  8,  1883. 

Transactions. 

Cincinnati  : — Ohio  Mechanics*   Institute.     Scientific    Proceedings 

VoL  I.  No.  4.  8vo.  Cincinnati^  Ohio.  The  Institute. 

Geneva: — Soci^t^  Helv6tiqne.     Compte  Rendu  des  Travaux.     64* 

Session.     8vo.  Geneve  1881.      Jahresb.  1880-81.     8vo.  Aarau 

1881.  The  Societjr. 
Halifax  (N.S.)  : — ^Nova  Scotian  Institute  of  Natural  Science.     Pro- 
ceedings and  Transactions.     Vol.  V.  Part  4.  8vo.  Halifax  N,8, 

1882.  The  Institute. 
London  : — Iron  and  Steel  Institute.     Journal.  No.  2.    1882.    8vo. 

London,  The  Institute. 

National    Association    for    the    Promotion  of    Social    Science. 

Sessional  Proceedings.     VoL  XV.  Nos.  6,  8.  Vol.  XVI.  Nos. 

1,  2.  8vo.  The  Association. 

Pharmaceutical  Society.     Calendar,  1883.     8vo.  London  1883. 

The  Societjr. 
Photographic  Society.    Journal  and  Transactions.    Vol.  VI.  Nos. 
8, 9.  Vol.  VTI.  Nos.  1-4.  8vo.  The  Society. 

Louvain: — Universite  Catholique.      12  Theses.      8vo. 

The  Universiiy. 

Manchester: — G^logical  Society.   Transactions.  Vol.  XVL  Part  1. 

8vo.  Manchftster  1880.  The  Socieiy. 

Perth : — Perthshire    Society  of  J  Natural    Science.   J.  Pkx)oeedings. 

Vol.  I.  Part  2.  1881-82.  4to.  Ferth  1882.  The  Society. 
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Transactions  (continued), 

Plymouth: — Royal  Geological  Society  of  Cornwall.     Catalogue  of 

the  Library.     8vo.  Plymouth  1882.  The  Society. 

Richmond : — University  of  Virginia.     Catalogne  of  the  Officers  and 

StudenU.  1881-82.  8vo.   Richmond  1882.  The  University. 

Rome : — R.  Accademia  dei  Lincei.     Transunti.     Vol.  VL   Fasc.  13, 

14.  Vol.  VII.  Fasc.  1,  2.  4to.  Boma  1882-83.     The  Academy. 
Rotterdam: — Bataafsch    Genootschap.      Nieuwe    Verhandelingen. 

2^  Reeks.  Deel  lU.  Stuk  1.  4to.  Botterdam  1882.  Programme, 

1882.  8vo.  The  Society. 

St.  Louis:— Academy  of  Science.    Transactions.     Vol.  IV.  No.  2. 

8vo.  St.  Louis,  Mo.  1882.  The  Academy. 

Salem :— Essex  Institute.     Bulletin.  Vol.  XIII.  8vo.     The  Flora  of 

Essex  County,  Massachusetts.    By  John  Robinson.    8vo.  SaJem 

1880.  The  Institute- 

San  Francisco : — The  Geographical  Society  of  the  Pacific.   Transac- 
tions and  Proceedings.  1881.     8vo.  San  Francisco,  Col.  1882. 

The  Society. 
Shanghai : — North   China  Branch   of  the  Royal  Asiatic   Society. 

Report  of  the  Council  for  1881.     8vo.  Shanghai  1882. 

The  Society. 
Stockholm: — Kongl.  Svenska    Vetenskaps-Akademie.       Bihang. 

Baudot  VL     Hafte2.  8vo.  Stockholm  19^0-^2.  5f  versigt.  1882. 

Nos.  1-6.  8vo.  Stockholm  1882.  The  Academy. 

Tokio: — Seismological  Society  of  Japan.     Transactions.      Vol.  I. 

Parts  1  and  2.  8vo.    Earthquake  Observation  (Blank  Forms). 

Oblong.  The  Society. 

University  : — Memoirs  of  the  Science  Department.  Nos.  6,  7.  4to. 

Tokio  2541    (1881.) 

The  University,  per  the  Japanese  Embassy. 
Toulouse : — ^Acad^mie  des  Sciences.    M^moires.    4*  S^rie.     Tome  I. 

8vo.  Toulouse  1851.     8*  Serie.     Tome  III.     2«  Semestre.     8vo. 

Toulouse  1881.  Annuaire.  1881-82.  12mo.  Toulouse. 

The  Academy. 
Utrecht : — Provinciaal  Utrechtsch  Genootschap  voor  Kansten   en 

Wetenschappen.      Aanteekeningen,  1880-81.     Verslag,   1881. 

8vo.     Utrecht  1880-81.     De  Nederlandsche  Scheikundigen  van 

het  Laatst  der  Vorige  Eeuw,  door  Dr.  Van  der  Horn  van  den 

Bos.   4to.  Utrecht  1881.    Het  Leven  van  Mr.  Nicolaas  Comelisz. 

Witsen.    (1641-1717)   door  J.  F.  Gebhard,  Jr.    2  vols.  8vo. 

Utrecht  1881-82,  and   Geslachtlijst.     Commentatio    de  Ajacis 

Sophodei  authentia  et  integritate.  Scripsit  J.  van  Leeuwen.  8vo. 

Trajecti  ad  Bhenum  1881.  The  Society. 

Vienna: — ^Anthropologisohe Gesellschaft.  Mittheilungen.  Band XII. 

Hefte  1,  2.  4to.  Wien  1882.  The  Society. 
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Transactioiis  (continued). 

K.  K.  G^eographische  Qesellschaft    MifctheiliiiigeQ.    Band  XXTT. 

8vo.  Wien  1881.  The  Society. 

K.  K.  Zoologiscb-botanische  G^esellscliaft.    Die  Laabmoosflora  yon 

Oesterreich-Ungam.     8vo.  Wien  1882.  The  Society. 

Osterreichische    Gesellsohaft     fur     Meteorologie.        Zeitschrift- 

Band  XVII.    Juli-Deoember.     Band  XVIII.     Janner-Heft. 

Koyal8vo.  TTtew  1882-83.  The  Society. 

Zurich: — ^Allgemeine  Schweizerische    Gesellschaft.     Neue    Denk- 

schriften.     Band  XXVIII.  Abth.  2.    4to.    Zwrieh  1882. 

The  Society. 


Observations  and  Reports. 

Brisbane :— Office  of  the  R^istrar- General.     Vital  Statistics,  1881. 

Folio.     Brisbane,  The  Begistrar-General  of  Queensland. 

Brussels: — Observatoire  Royal.    Annuaire  1883.    12mo.    Bruxelles 

1882.  The  Observatory. 

Calcutta: — ^Meteorological  Office.       Observations  recorded  at  six 

Stations.    December  1881,  and  Title,  &c.     4to. 

The  Meteorological  Reporter. 
Cambridge  (TJ.S.)  : — ^Harvard   College.     Annual  Reports  of  the 
President  and  Treasurer,  1881-82.     8vo.     Cambridge  1882. 

The  College. 

•Christiania :— Den  Norske  Nordhavs  Expedition  1876-78.     VIII. 

BuccinidsBved  Herman  Friele.     IX.  (1)  Om  Sovandets  Faste 

Bestanddele.      (2)  Om  Havbundends  Afleiringer.   Af  Ludvig 

Schmelck.    4to.     Ohristiania  1882. 

The  Editorial  Committee. 
Madras  : — ^ArchsBological  Survey  of  Southern  India.     No.  3.     The 
Amar&vatI  StQpa.    By  James  Burgess.     4to.     Madras  1882. 

The  Survey. 
Paris : — ^Bureau  des  Longitudes.     Annuaire,  1883.     12mo.     Paris, 

The  Bureau. 
Observatoire  de  Montsouris.     Annuaire,  1883.     12mo.     Paris. 

The  Observatory. 

Bio  de  Janeiro : — Observatoire  Imperial.     Bulletin.     Nos.  10,  11. 

8vo.     Bio  de  Janeiro  1882.  The  Observatory. 

St.  Petersburg: — Nicolai-Hauptstemwarte.   Jahresbericht  1881-82. 

8vo.     8t.  Petersburg  1882.  The  Observatory. 

San  Fernando: — Instituto  y  Observatorio    de  Marina.      Anales. 

Seccion  2^     Observaciones  Meteorol6gioas.     Ano  1879,  1881. 

4to.     San  Fernando  1880,  1882.  The  Observatory. 

Sydney : — Department  of  Mines.     Mineral  Products  of  New  South 

Wales.     4to.     Sydney  1SS2.  The  Department. 
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• 

Obseryations,  &c.  (continued). 

Turin: — Osservatorio  della  Begia Uniyersitsk.  Bolletmo.  Anno XVI 
(1881).  Genaio.  Parte  Meteorologica.  (2  copies.)  4to.- 
TonnolSB2,    Effemeridi  1883.     8vo.     Torino  1882. 

The  Obseryatorj. 
Wellington  : — Begistrar-Generars  Office.     Results  of  a  Census  of 
the  Colony  of  New  Zealand,  1881.    Folio.     WelUngttm  1882. 
The  Registrar-General  of  New  Zealand. 


Doma  (Alessandro)     Sulla  Rifrazione.    4to.     Torino  1882. 

The  Author. 
Earll  (R.  E.)     A  Report  on  the  History  and  Present  Condition  of 

the  Shore  Cod-fisheries  of  Cape  Ann,  Mass.     8yo.     Statistics  of 

the  Fisheries  of  Maine.     4to.     [Washington, 1  The  Author. 

Friedrich  der  Gross.     Politische  Correspondenz.      Band  IX.     8vo. 

Berlin  1882.  The  Berlin  Academy. 

Him  (G.  A.)  and  O.  Hallauer.     Refutations  d'une  Seconde  Critique 

de  M.  G.  Zeuner.     8vo.     Paris  1883.  M.  G.  A.  Him. 

Kops  (Jan)  and  F.  W.  Van  Eeden.     Flora  Bataya.     Afleyering  259, 

260.     4to.    Leiden, 

The  King  of  the  Belgians,  per  the  Netherlands  Legation^ 
Marcet  (Dr.  W.),  F.R.S.    Southern  and  Swiss  Health  Resorts.     8yo. 

London  \%SZ,  '  The  Author. 

Packard  (A.  S.),  Junr.     22  Excerpts.     8vo.  The  Author. 


Presents,  February  15,  1883. 

Transactions. 

Brussels  : — ^Mus6e  Royal  d'Histoire  Naturelle.  Annales.   Tome  III. 

Partie  1.    4to.  Bruxelles  1881.     Planches.  4to.  BruxeLles  1878. 

Tome  VII.    Partie  3.   4to.    Bruxelles  1882.     Planches.     Polio. 

Bruxelles  1882.     Carte  G6ologique.     Feuille  de  Ciney.     Folio. 

Explication.  8yo.  Bruxelles  1882.  The  Museum. 

Dublin  : — Royal  Dublin  Society.     Scientific  Transactions.   Series  2. 

Vol.  I.      Nos.  15-19.      Vol.  n.      No.  2.    4to.    Dublin  1882. 

Scientific  Proceedings.    New  Series.    VoL  III.     Part  5.     Byo, 

Ihiblin  1882.  The  Society. 

Hamburg- Altona : — Naturwissenschaftlicherj  Verein.      Abhandlun- 

gen.  Band  VH.  Abth.  2.  4to.  Hamburg  1883.  Verhandlungen. 

Neue  Folge.  No.  6.  8yo.  Hamburg  1882.  The  Union. 

London: — East  India  Association.     Jdumal.     Vol.  XIV.     No.  5. 

8yo.  Londwh  1882.  The  Association. 
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Transactions  (eonHnued), 

Geological  Society.     Quarterly  Journal.     Vol.  XXXIX.     Part  1. 

8vo.  London.  The  Society. 

Institution  of  Mechanical  Engineers.  List  of  Members,  1883.  8vo. 

The  Institution. 
Royal  Medical   and   Chirurgical   Society.      Proceedings.     New 
Series.  Vol.  I.  No.  1.   8vo.  Catalogue  of  the  Library.     Supple- 
ment 2.  8vo.  London  1883.  The  Society. 
Society  of   Antiquaries.     Proceedings.     2nd  Series.     Vol.  VIII. 
No.  6.     8vo.  London,                                                   The  Society. 
Philadelphia:— Academy  of  Natural  Sciences.     Proceedings.  1880- 
81.     No.  2.  8vo.                                                       The  Academy. 
American  Philosophical  Society.     Proceedings.     Vol.  XX.    Nos. 
110-111.     8vo.                                                            The  Society. 
Rome : — ^B.  Comitate  Gteologico  d'ltalia.     BoUettino.     1882.    Nos- 
5-10.  870.  Eoma  1882.                                               The  Society. 
Sydney  : — Australian  Museum.     Catalogue  of  the  Australian  Stalk- 
and  Sessile-eyed  Crustacea.     By  W.  A.  Haswell.     8vo.  Sydneij 
1882.                                                                            The  Trustees. 
Linnean  Society  of  N.S.W.     Proceedings.     Vol.  I.     Parts  2,  3. 
8vo.     Sydney  1876.    Vols.  VI.  Part  4.  VII.   Parts  1-3.     8vo. 
Sydney  1882.     Abstracts  of  Proceedings.     8vo. 

The  Society. 

Royal  Society  of  N.S.W.  Journal  and  Proceedings.   Vol.  XV.  8vo. 

Sydney  1882.     New  South  Wales  in  1881.    By  T.  Richards. 

Second  Issue.     8vo.  Sydney  1882.  The  Society. 

University.     Calendar,  1882-83.    8vo.    Sydney. 

The  University. 
Tokio  : — Seismological  Society.   Transactions.    Vols.  1-4.  8vo. 

The  Society. 
Toronto : — Canadian  Institute.     Proceedings.  Vol.  I.  Fasc.  3.  8vo. 

Toronto  1882. 
Trieste: — Society Adriatica di  Scienze  naturali.     Bollettino.     Vol. 
VII.  8vo.  Trieste  1882.  The  Society. 

Turin  : — R.  Accademia  delle  Scienze.   Atti.    Vol.  XVII.  Disp.  6-7. 
Atti.  Sci.-Fis.     Vol.  XVII.    Disp.  7.  8vo.  Torino. 
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Upsala : — Soci^td  Royale  des  Sciences.    Nova  Acta.     Ser.  3.  Vol. 

XI.     Fasc.  1.  4to.  UpsaltoB  1881.  The  Society. 

Utrecht: — Koninklijk  Nederlandsch  Meteorologisch  Institut.  Meteo- 

rologisch  Jaarboek.  1876.  Deelll.     1878.  Deel  L  1879.  Deell. 

1880.  Deel  I.     1881.     4to.     Utrecht  1880-82.     The  Institute. 

Physiologisch  Laboratorium  der  Utrechtsche  Hoogeschool.  Onder- 

zoekingen.     3**  Reeks.  VII.  Aflev.  2.  8vo.  Utrecht  1882. 

The  Laboratory.. 

Digitized  by  CjOO^IC 


108                                           Pres^a.  [Feb.  22, 

Transactions  (oordinued), 
Washington: — Smithsonian  Institution.  List  of    Foreign   Corre- 
spondents.    8vo.   Washinigton  1882.  The  Institntioii. 


Observations  and  Reports. 

Bombay : — Meteorological  Office.  Brief  Sketch  of  the  Meteorology 
of  the  Bombay  Presidency  in  1881.  By  A.  N.  Pearson.  8vo. 

The  Meteorological  Reporter. 
Paris : — D^p6t  de  la  Marine.     Annales  Hydrographiqnes.  1882.     2* 
Semestre.     8vo.  Paris  1882.  The  D^p6t. 

Wellington  : — Colonial  Museum  and  Geological  Survey  Department. 
Reports  of  Geological  Explorations  during  1 881.  8vo.  WeUing- 
ton  1882.  Catalogues  of  the  New  Zealand  Diptera,  Orthoptera. 
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Wisconsin  : — Washburn  Observatory  of  the  University  of  Wisdonsin. 

Publications.     Vol.  1.  8vo.  Madison  1882.       The  Observatory. 


OroU  (James),  F.R.S.    List  of  Scientific  Papers  and  Works.  8vo. 

The  Author. 

Tenison- Woods  (Rev.  J.  E.)    Fish  and  Fisheries  of  New  South  Wal^. 

8vo.  Sydney  1882.  Baron  P.  Von  Mueller,  F.R.S. 

Winn  (Dr.  J.  M.)    Darwin.     8vo.  London,  The  Author. 

Wooton  (Edwin)     Mimosis  inquieta.  8vo.  London,  (2  copies). 

The  Author. 


Wedgwood  Medallion  of  Erasmus  Darwin. 

Mr.  John  Evans,  Treas.  R.S. 
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8vo.  B^-uxelles  1882.  The  Museum. 

Edinburgh: — Geological  Society.     Transactions.  Vol.  IV.  Part  2. 
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Hobart  Town : — Royal  Society  of  Tasmania.     Papers  and  Proceed- 
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Kiel :— Universitat.    Schriften.     Band  XXV  III.    4to.    Kiel  1882. 

15  Inangnral-Dissertationen.  8vo.  The  University. 

London : — Entomological  Society.     Transactions.  1882.  Parts  4,  5. 

8vo.  London.  The  Society. 

Royal  College  of  Physicians.     list  of  the  Fellows.  8vo.  London, 

1883.  The  College. 

Boyal  Microscopical  Society.     Jonmal.  Ser.  2.  Vol.  III.  Part  1. 

8vo.  London  1883.  The  Society. 

Newcastle-npon-Tyne  : — Chemical  Society.     Transactions.  Vol.  V. 

Part  11.  8vo.  The  Society. 

Borne : — R.  Accademia  dei  Lincei.    Memorie.  Sci.  Fis.  Vol.  IX,  X. 

4to.  Roma  1881.     Sci.  Mor.  Vol.  VQ,  IX.  4to.  Eoma  1881. 

The  Academy. 

Slianghai: — Nortli-China  Branch  of    the  Boyal  Asiatic   Society. 

Jonmal.  New  Series.  Vol.  XVII.  Part  1.  8vo.  Shanghai  1882. 

The  Society. 
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Cambridge  (U.  S.)  : — ^Mnsenm  of  Comparative  Zoology  at  Harvard 
College.    Annual  Report.  1881-82.  8vo.  Cambridge  1882. 

The  Mnsenm. 

London: — Local    Government    Board.      Report    of    the    Medical 

Officer  for  1881.  8vo.  London  1882.  The  Board. 

Stationery   Office.      Report  of   the    Scientific    Results    of   the 

Voyage     of    H.M.S.     "ChaUenger"     (1873-76).       Zoology. 

Vol.  VI.  4to.  London  1882.  H.M.  Government. 

Rio  de  Janeiro  : — Observatoire  Imperial.  Bulletin.  1882.  No.  12. 
Royal  8vo.  JEUo  de  Janeiro  1882.  The  Observatory. 

Washington : — Bureau  of  Navigation.  Astronomical  Papers  pre- 
pared for  the  use  of  the  American  Ephemeris  and  Nautical 
Abnanac.  Vol.  I.  Part  6.  Transits  of  Mercury,  1677-1881. 
4to.  Washington  l&&i.  The  Bureau. 


Anderson  (Major- General  R.  P.)  Roostum  and  Zoohrab :  a  Persian 
Tale.  By  Pirdouzee.  Compared  with  the  Original  (Persian) 
by  Major-General  R.  P.  Anderson.  8vo.  The  Author. 
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par  la  Commission  Fran9aise. 
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Sopra  una  Particolarita  Anatomioa  per  la  Prima  Volta  Osservata 
nell'  Alopecias  Vulpes,  Svo.  Venezia  1882.  Salla  Gomparsa 
della  Scioena  Aquila  nell'  Adriatico.  8vo.  Venezia  1882. 

The  Author. 
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TransactioiiB. 
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Halle: — K.  Leopoldino-Carolinische   Deutsche  Akademie.      Nova 

Acta.   Tomus  XLII,  XLIII.    4to.  flaZZd  1881-82.   Leopoldina. 
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Konigsberg: — Physikalisch-Okonomische  G^sellsohaft.     Schriften. 
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4to.  Konigsberg  1881-82.  The  Society. 

Liverpool: — Geological  Society.     Proceedings.    Vol.  IV.    Part  4. 

8vo.    Liverpool  1883.  The  Society. 

London: — Anthropological  Institute.     Journal.    Vol.  XII.  No.  3. 

8vo.    London,  The  Institute. 

General  Medical  Council.     The  Medical  Register,  1883.     8vo. 

The  Dentists'  Register,  1883.     8vo.  The  Registrar, 

^odena: — Society   Italiana  delle   Scienze.      Memorie.      Mat.-Fis. 

Serie  3a.     Tomo  V.     4to.     Napoli  1882.     Bronze  Medal  in 

conunemoration  of  "  Centenario  della  Fondazione." 
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New  York: — ^American  Geographical  Society.      Bulletin.      1882. 
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Rome : — R.  Accademia  dei  Lincei.     Transunti.     Vol.  VII.  Fasc.  3. 

4to.     Boma  1883.  The  Academy. 

R.   Comitato   Geologico.     Bolletino,   1882.    Nos.    11,   12.     8vo. 

Boma  1882.  The  Society. 


Observations  and  Reports. 

Calcutta : — Meteorological  Office.  Report  on  the  Administration  of 
the  Meteorological  Department  of  the  Government  of  India  in 
1881-82.    4to.  The  Meteorological  Reporter. 
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4to.  Lishoa  1881.  Observa^des  dos  Postos  Meteorologicos. 
1880.  4to.  Idshoa  1SS2,  Postos  MeteorologicoB.  1877.  2do 
Semestre.    4to.    LUhoa  1881.  The  Observatory. 

Washington: — Bureau  of  Navigation.  Astronomical  Papers  pre- 
pared for  the  use  of  the  American  Ephemeris  and  Nautical 
Almanac.     Vol.  I.     4to.    Washington  1882.  The  Bureau. 


Balestreri  (F.  M.)     La  Fifevre  Thyphoide  i  G^nes   1880-81,  et  le 

Congr6s  Intemational  d'Hjgi^ne  k  Geneve  1882.     8vo.     Oenova 

1883.  The  Author. 

Cremona  (Professor  L.),  For.  Mem.  R.  S.  Elemente  der  Projectivischen 

Geometric.     8vo.    S tuttg wrt  ISS2.  -     The  Author. 

Eldund  (Dr.  Fr6d&nc)     Note  sur  les  Microbes  de  la  Blennorrhagie. 

8vo.     Earlem  [1882].  The  Author. 

Greenhill  (Professor  A.  G.)     On  the  Motion  of  a  Projectile   in  a 
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The  Author. 
Meyer  (Dr.  Lothar)  und  Dr.  Karl  Seubert.     Die  Atomgewichte  der 

Elemente  aus  den  Originalzahlen  neu  berechnet.     8vo.    Leipzig. 

1883.  The  Author. 

Mueller  (Baron  F.  von),  F.R.S.    Fragmenta  Phytographias  Australiee. 

Vol.  X.     8vo.     JlfeZftotmie  1876-77.  The  Author. 
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Transactions  (conUn/ued). 
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Halle-a-S.  1882.  The  Union. 

London: — Saint  Bartholomew's   Hospital   Reports.    Vol.   XVIII. 
8vo.  London  1882.  The  Hospital- 

Society  of  Biblical  ArchaBology.     Proceedings.    Vol.  IV.   8vo. 
London  1882.  The  Society. 


Observations  and  Reports. 

Kiel: — Stern warte.      Astronomische  Nachrichten.     Band  97-103. 

4to.     Kiel  1880-82.  The  Editors. 

Washington: — Engineer    Department.      Report    of    Oeographical 

Surveys  West  of  the  One  Hundredth  Meridian.      Vol.  II. 

Astronomy  and    Barometric    Hypsometry.    4to.    Washington 

1877.  The  Lieutenant  of  Engineers. 
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Despine  (Prosper)  De  la  Contagion  Morale.  8vo.  Marseille  1870. 
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Mathematical  Society.    Proceedings.  Nos.  193-6.  870.  London. 
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Mnnich: — K.   B.  Akademie  der  Wissenschaften.     Abhandlnngen 

der  EListorischen  Classe.   Band  XVI.  Abth.  2.   4to.  Munchen 

1882.  Abhandlnngen  der  Philoa.-Philologischen  Glasse.  Band 
XVI.  Abth.  3.  4to.  Munchen  1882.  Churfurst  Maximilian  I 
von  Bayem,  Festrede  von  Felix  Stieve.  4to.  Munchen  1882. 
Sitzangsberichte  der  Math.-Phy8.  Classe.  1882.  Heft  5.  8vo. 
Munchen,  The  Academy. 

Philadelphia: — ^Franklin    Institute.      Journal.     Vol.    CXV.     Nos. 

685-6.  8vo.  Pkiladelphia  1883.  The  Institute. 

Turin: — B.  Accademia  delle  Science.     Atti.  VoL  XVIII.  Disp.  1. 

8vo.  Torino.  The  Academy. 

Vienna: — K.    Akademie    der    Wissenschaften.      Sitzungsberichte. 

Phil-Hist.   Classe.   Band  G.   Hefte  1,  2.   Band  CI.   Heft  1. 

Math..Nat.  Classe.  1882.  Abth.  I.  Nos.  1-5.    Abth.  II.   Nos. 

3-6.  Abth.  in.  Nos.  1-7.  8to.  Wien  1882.    Register  X.  8vo. 

Wien  18^2.     Almanach.  1882.  12mo.  Wien.    Anzeiger.  1882. 

Nos.  24,  28.  8vo.  The  Academy. 

Oesterreichische    Gesellschafl    f&r    Meteorologie.      Zeitschrifb. 

Band  XVIII.  Febnzar,  Mara,  1883.   8vo.    Wien. 
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Observations  and  Reports. 

Coimbra: — Observatorio  da  IJniversidade.     Ephemerides  Astrono- 

micas,  1884.    8vo.    Ooimbra  1882.     Obeerva^des,  1882.    8to. 

Coimbra.  The  University. 

London: — Nautical  Almanac  Office.     Tide-tables  for  the  Port  of 

Hong  Kong,  1883.  12mo.     Tide-tables  for  the  Indian  Ports, 

1883.  12mo.  Mr.  E.  Roberts. 
Melbourne: — Observatory.     Seventeenth  Report  of  the  Board  of 

Visitors,  together  with  the  Annual  Report  of  the  Oovemment 
Astronomer.  4to.  Mdboume.  The  Observatory. 


Earll  (Edward)     Commercial  Fisheries  of  the  Middle  States.  4to. 
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The  Author. 
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**  On  the  Action  of  certain  Reagents  upon  the  Coloured  Blood- 
Corpuscles.  Part  I.  The  Coloured  Blood -Corpuscles  of  the 
Newt  and  Frog."  By  William  Stirling,  M.D.,  Sc.D., 
Professor  of  the  Institutes  of  Medicine,  and  Arthur 
Bannie,  Graduate  in  Medicine  of  the  University  of  Aber- 
deen. Communicated  by  Professor  HuXLEY,  F.R.S.  Re- 
ceived June  14.     Read  June  15,  18b2. 

[Plate  1.] 

The  histological  and  chemical  constitution  of  the  coloured  blood- 
corpnscles  of  man  and  other  animals  has  formed  a  fertile  source  of 
investigation  for  a  large  number  of  observers,  and  it  might  seem  that 
fnrther  investigations  on  this  subject  were  unnecessary.  We  have, 
however,  devoted  considerable  time  to  a  systematic  study  of  the 
effects  of  certain  reagents  upon  the  blood  of  the  newt  and  frog  which 
have  yielded  results,  some  of  them  of  not  a  little  interest  and 
importance. 

The  literature  of  the  subject,  chiefly  of  the  German  papers,  is  given 
somewhat  fully  in  Rollett's  article,  **  Blood,"  in  Strieker's  "  Histology," 
and  a  careful  resume  of  most  of  the  more  recent  and  some  of  the  older 
observations  will  be  found  in  a  short  paper  by  O.  F.  Dowdeswell,  in 
the  **  Quarterly  Journal  of  Microscopical  Science  "  for  1881.*  Refer- 
ence will  be  made  to  the  Hterature  of  each  reagent  under  its  appro- 
priate heading. 

The  method  of  conducting  the  investigation  was  as  follows: — ^A 
newt  was  pithed ;  its  heart  exposed  ;  the  auricle  snipped  through  and 
the  blood  collected.f  A  drop  of  this  blood  was  then  placed  on  a  slide, 
and  covered  with  a  cover- glass,  a  hair  having  first  been  placed  between 
the  cover-glass  and  the  slide  to  admit  of  the  corpuscles  rolling  freely 
over  and  over  so  as  to  be  seen  on  edge  as  well  as  on  the  flat,  and  also 
to  allow  the  corpuscles  to  expand  freely  under  the  influence  of  re- 
agents. The  blood  was  then  irrigated  with  a  solution  of  the  reagent 
to  be  investigated  and  examined  with  a  magnifying  power  of  300 
diameters,  or  a  higher  magnifying  power  when  this  was  deemed 
desirable.  Similar  experiments  were  made  with  frog's  blood,  but 
newt's  blood  was  preferred  on  account  of  the  corpuscles  being  larger. 

Pyrogcdlic  Acid, 
On  irrigating  a  drop  of  the  blood  with  a  2  per  cent,  solution  of 

*  An  exceUent  digest  up  to  date  ia  given  by  Professor  Lankester  in  liis  exhauBtiTe 
paper  '*  Observations  and  Experiments  on  the  Bed  Blood-Corpuscle,*'  in  the  rame 
Journal  for  the  year  1871. 

t  Besulti  were  obtained  equally  with  defibrinated  and  ordinary  blood. 
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pyrogallic  acid — which  had  become  yellow  throngh  having  been  kept 
a  day  or  two  after  it  was  made — the  following  appearances  weie 
observed: — The  biconvex  oval  red  oorpnscles  soon  became  globalar, 
and  in  a  very  short  time  were  observed  to  recoil  or  give  a  sndden  jerk, 
a  small  portion  of  the  contents  being  at  the  same  time  extruded  in  a 
direction  opposite  to  that  in  which  the  recoil  took  place.  In  fact,  the 
recoil  seemed  to  be  dne  to  fche  sndden  extrusion  of  a  small  portion  of 
the  contents  of  the  corpuscle  at  one  place,  or  in  rare  cases  at  two 
places,  at  the  margin  of  the  corpuscle.  These  small  extrusions  resem- 
ble, but  are  not  identical  with  the  "  pullulations  "  described  by  Dr. 
Roberts  as  the  effect  of  the  action  of  a  solution  of  tannic  acid.* 

It  is  very  interesting  to  watch  the  sudden  effect.  The  globular 
corpuscle  suddenly  jerks  in  one  direction,  and  simultaneously  with 
this,  one  observes  a  small  mass  of  the  contents  of  the  corpuscle  pouring 
out  of  a  very  fine  aperture  or  crack  at  one  side  of  the  corpuscle.  (PI.  1, 
fig.  1,  6,  c,  d.)  The  motion  or  jerk  seems  to  be  caused  by  the  sudden 
ejection  of  material,  and  so  the  corpuscle  moves  in  an  opposite  direction. 
The  opening  is  very  small,  and  the  extruded  mass  remains  adherent  to 
the  corpuscle.  It  is  much  less  than  a  twentieth  the  bulk  of  the  corpuscle, 
and  it  is  rarely  larger  than  one-third  the  diameter  of  the  corpuscle. 
It  is  slightly  coloured  and  slightly  granular,  remains  adherent  to  the 
corpuscle,  and  does  not  show  any  of  the  "  hooded  ^*  character  described 
by  Dr.  Roberts  as  the  effect  of  tannic  acid.  The  rent  or  crack  in  the 
envelope  or  at  least  in  the  now  thickened  rind  of  the  corpuscle,  through 
which  the  little  mass  is  forced  or  ejected  can  often  be  clearly  seen. 
If  such  a  preparation  be  sealed  up,  such  buds  or  projections  may  be 
kept  for  a  considerable  time.  If  a  sufficient  amount  of  the  acid  be 
added  other  effects  follow.  The  corpuscles  begin  to  assume  a  coarsely 
granular  appearance,  and  the  nucleus,  until  now  unaffected,  begins  to 
assume  a  granular  appearance,  but  still  remains  pale  as  at  first.  Owing 
to  the  granular  condition  of  the  hull  (Dowdeswell)  of  the  corpuscle, 
the  nucleus  cannot  be  seen  until  the  centre  of  the  corpuscle  is  focussed. 
Some  of  the  corpuscles  appeared  to  become  granular  without  any 
extrusion  of  a  part  of  their  contents.  In  those  corpuscles  which  had 
given  way  at  one  side  the  granular  contents  soon  began  to  pass  out 
through  the  rent,  and  often  the  nucleus  also  was  extruded.  In  many 
of  the  corpuscles  the  nucleus  was  observed  to  be  half  within  and 
half  without  the  body  of  the  corpuscle.  A  distinct,  highly  refractive 
envelope  was  traceable  around  the  body  of  the  corpuscle  as  far  as 
the  break  in  its  side,  when  it  suddenly  ceased.  This  envelope  was 
often  traceable  on  one  or  both  sides  of  the  protruded  part  of 
the  corpuscle  for  some  distance,  but  never  completely  around  it. 
The   protruded  mass  generally  remained  attached  to  the  side  of 

•  "  Proo.  Hoy.  Soc.,"  1868. 
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the  corpuscle,  even  when  the  whole  of  its  granular  contents  had 
passed  out.  The  nucleus  generally  remained  within  the  envelope,  and 
became  tinged  of  a  yellow  colour.  The  intranuclear  plexus  of  fibrils 
was  also  revealed.  (PI.  1,  fig  1,  g.)  The  envelope  of  a  corpuscle  devoid 
of  its  granular  contents  was  observed  to  be  tinged  of  a  yellow  colour, 
and  to  show  a  double  contour.  A  similar  appearance  was  observed 
around  the  nuclei.  The  remaining  corpuscles  ultimately  became  com- 
pletely disintegrated,  and  the  field  of  the  microscope  became  covered 
with  free  nuclei,  granular  colouring  matter,  and  fragments  of 
envelopes  sometimes  containing  nuclei.  (PI.  1,  fig.  1,  t.)  Sometimes  &n 
envelope  was  seen  entire  but  with  a  rent  in  its  side  extending  half 
through  it,  and  through  which  its  contents  had  escaped.  (Fig.  1,  h,) 
Sometimes  a  mass  of  granules  was  observed  with  a  dark  line  partially 
enveloping  it.  The  dark  line  represented  a  highly  refractive  envelope 
now  distinctly  shown — perhaps  produced — by  the  action  of  the  pyro- 
gallic  acid. 

It  is  an  interesting  question  to  determine  why  and  how  this  sudden 
protrusion  of  a  portion  of  the  coloured  corpuscles  is  produced  at  one 
part  of  the  circumference.  That  a  process  of  endosmosis  goes  on  is 
shown  by  the  corpuscles  assuming  a  globular  form,  but  that  of  itself 
is  not  enough  to  account  for  the  sudden  protrusion  already  referred 
to,  for  water  and  many  other  fluids  also  produce  endosmosis,  but  give 
rise  to  no  such  ejection  of  the  contents  of  the  corpuscles.  *  The 
pyrogallic  acid  obviously  has  some  chemical  effect  on  the  corpuscular 
contents,  and  it  is  just  probable  that  the  envelope  of  the  corpuscle  is 
not  perfectly  uniform  in  its  resistance  all  round.  We  are  inclined  to 
view  the  above  described  phenomenon  in  connexion  with  the  spots  or 
thickenings  described  by  Dr.  Roberts  as  occurring  in  the  wall  of  Uood- 
corpuscles  under  the  action  of  magenta  solution,  and  also  with  the 
curious  spots  observed  by  us  in  the  corpuscular  wall  after  the  action  of 
gallic  acid.  It  is  to  be  noted  that  no  contraction  or  diminution  of 
bulk  of  the  corpuscle  is  observable  as  coincident  with  the  extmsion  of 
the  mass,  which,  however,  is  relatively  so  small  that  it  would  scarcely 
visibly  affect  the  diameter  of  the  corpuscle.  The  various  effects  are 
shown  in  PI.  1,  f}g.  1. 

Seeing  that  tannic  acid  has  already  yielded  such  remarkable  results 
in  the  hands  of  Dr.  Roberts,  and  that  pyrogalhc  acid  gave  rise  to 
equally  peculiar  phenomena,  it  occurred  to  us  to  ascertain  the  effect  of 
a  substance  closely  related  to  both,  viz.,  gallic  acid.  [Wedel*  also 
recognised  that  pyrogallic  acid  causey  a  separation  of  the  heomoglobin 
from  the  stroma.] 

Gallic  Acid. 
A  saturated  solution  of  gallic  acid  causes  the  corpuscle  to  become 
•  Hermann's  "  Handbuch  der  Physiologie,"  toL  4,  p.  18, 1880. 
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Spherical  and  the  nnclens  to  become  more  distinct  and  tinged 
yellow.  Then  a  sndden  recoil  or  jerk  is  observed,  the  corpuscle 
at  the  same  time  donating  and  swelling  np.  No  raptnre  of  the 
envelope  was  seen.  The  contents  of  the  corpuscle  appeared  gradu- 
ally to  pass  out,  or  to  be  dissolved  out,  and  the  field  of  the 
microscope  became  covered  with  granular  debris.  The  nucleus  was 
left  of  a  bright  yellow  colour  and  quite  smooth  and  homogeneous  in 
appearance.  As  all  the  hsBmoglobin  is  dissolved  out  of  the  corpuscle, 
the  deeply  stained  homogeneous  nucleus  is  seen  in  the  interior  of  the 
globular  corpuscle,  which  is  surrounded  by  a  highly  refractive  enve- 
lope, in  which  one,  two,  three,  or  more  slight  thickenings,  or  highly 
refractive  elongated  bodies,  are  to  be  seen.  (PI.  1,  fig.  2,  &,  c.)  Whether 
these  bodies  are  at  all  comparable  to  the  thickenings,  or  "niaculas,** 
already  described  by  Roberts,  it  would  be  difficult  to  say.  Perhaps 
they  are  merely  the  debris  of  the  intracellular  stroma.  Slight  remains 
of  this  stroma  may  sometimes  be  seen  in  the  perinuclear  portion  of 
the  corpuscle,  as  after  a  time  it  becomes  slightly  tinged  yellow  and 
is  stained  by  f  uchsin  or  magenta.  Within  the  nucleus  one,  two,  or 
more  highly  refractive  dots  are  always  to  be  seen.  WTien  single  the 
dot  presents  the  appeapince  of  a  nucleolus,  but  it  occupies  very 
variable  positions  and  is  larger  than  the  nucleolus  revealed  by  the 
action  of  dilute  alcohol,  already  described  by  Ranvier  and  one  of  us.* 
These  dots  are  perhaps  the  remains  of  the  intranuclear  plexus. 
(Fig.  2.) 

Hydrochloric  Acid. 

1  per  cent  Solution. — One  of  us  has  already  described  the  sudden 
enlargement  and  as  sudden  collapse  of  the  corpuscles,  with  a  simul- 
taneous discharge  of  the  haemoglobin,  which  results  from  irrigation 
with  a  1  per  cent,  solution  of  this  acid.f 

2  per  cent.  Solution. — On  irrigating  a  drop  of  blood  with  a  2  per 
cent,  solution  of  hydrochloric  acid  the  nucleus  began  apparently  to 
shrink  away  from  its  surroundings,  becoming  at  the  same  time  tinged 
of  a  yellow  colour,  and  showing  an  intranuclear  plexus  of  fibrils.  In 
some  of  the  corpuscles  the  nucleus  had  taken  up  an  excentric  situa- 
tion, being  placed  at  one  end  of  the  corpnscle  or  nearer  one  end  than 
another,  showing  how  plastic  the  perinuclear  portion  of  the  corpuscle 
is.  (Fig.  3,  b.)  Its  long  axis  was  sometimes  found  to  lie  across 
that  of  the  corpuscle.     (Fig.  3,  k.) 

In  some  corpuscles  the  apparent  shrinking  of  the  nucleus  was  not 
observed  and  in  some  it  was  very  slight.  In  a  corpuscle  seen  on  edge 
this  change  in  the  nucleus  is  very  striking  (fig.  3,  «,  g),  and  is  per- 
haps due  to  the  acid  fluid  passing  by  endosmosis  through  the  body 

•  W.  Stirling,*' Journal  of  Anat.  and  PhjsioL,"  vol.  x,  p.  778. 
t  W.  Stirling,  ••  Text-book  of  Practidd  Histology,"  1882,  p.  2. 
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of  the  corpuscle  into  the  nncleas,  and  so  affecting  the  latter  as  to  cause 
it  to  shrivel  up  and  thus  to  retreat  from  the  mass  of  h»moglobin  in 
which  it  lies  embedded. 

In  its  passage  through  the  body  of  the  corpuscle  the  fluid  had 
dissolved  out  a  portion  of  the  colouring  matter  of  the  corpuscle  and 
carried  it  into  the  nucleus,  so  that  the  latter  had  become  tinged 
with  it.  The  nucleus  generally  retained  its  original  position  in  the  . 
corpuscle  with  its  long  axis  parallel  with  that  of  the  corpuscle. 
Although  apparently  free  in  the  hsBmoglobin,  the  nucleus  was  not 
observed  to  change  its  position  within  its  cavity.  This  may  be 
accounted  for  on  the  supposition  that  some  of  the  intranuclear  fibrils 
pass  through  the  envelope  of  the  nucleus,  and  are  in  direct  continuity 
with  some  of  the  fibrils  which  form  the  stroma  of  the  hull  of  the 
corpuscle,  and  that  these  fibrils  support  the  nucleus  in  the  fluid  by 
which  it  is  surrounded.  The  size  and  coloration  of  the  corpuscles 
were  slightly  diminished. 

To  appreciate  the  full  effect  of  the  acid  it  is  necessary  to  have  two 
views  of  the  corpuscles,  one  on  the  flat  and  the  other  on  edge.  When 
viewed  on  the  flat  the  shrunken  nucleus  can  be  seen  lying  within  the 
corpuscle,  with  a  clear  wide  space,  probably  filled  with  fluid,  lying 
between  it  and  the  hadmoglobin-charged  stroma.  On  causing  the 
corpuscles  to  roll  over,  however,  one  observes  that  there  is  not  only  a 
shrinking  of  the  nucleus,  but  also  a  simultaneous  expansion  of  that 
portion  of  the  corpuscle  which  lies  immediately  outside  the  nucleus,  so 
that  on  edge  the  corpuscles,  instead  of  presenting  the  usual  graceful 
biconvex  curves,  suddenly  bulge  out  in  the  centre,  as  represented  in 
fig.  3,/. 

A  somewhat  similar  effect  is  described  by  Rollett*  : — "  The  nucleus 
appears  to  be  not  very  sharply  defined,  but  frequently  shrivelled  and 
surrounded  by  an  empty  space,  as  though  lying  in  a  cavity  of  the 
substance  of  the  blood-corpuscle  (chromic  acid,  hydrochloric  acid, 
nitric  acid,  picric  acid,  tannic  acid,  and  concentrated  tincture  of 
iodine)."  No  figures  are  given,  but  we  find  most  certainly  that  these 
acids  yield  more  characteristic  results  than  is  conveyed  in  the  above 
description.  Corpuscles  exhibiting  this  peculiar  change  can  be  kept 
for  a  considerable  time.  In  some  cases,  just  when  the  acid  beg^s  to 
act,  a  slight  shrinking  of  the  haemoglobin  from  the  envelope  of  the 
corpuscle  can  be  seen. 

It  is  curious  to  note  the  very  different  effects  produced  by  solutions 
of  the  same  acid — a  1  per  cent,  solution  producing  a  general  expansion 
of  the  whole  corpuscle,  whilst  the  stronger  solution  causes  only  a 
partial  swelling  up  of  one  portion  of  the  corpuscle,  and  a  simultaneous 
shrinking  of  the  nucleus. 

•  Op.  cU.,  p,  899. 
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Benzoic  Acid. 

This  acid  is  soluble  to  the  extent  of  1  in  200  parts  of  water.  A 
satnrated  solution  causes  the  nuclei  to  become  distinct  and  many  of 
the  corpuscles  to  become  spherical.  The  contents  of  the  stroma 
of  the  corpuscle  gradually  pass  out  through  the  membrane  and  the 
field  of  the  microscope  becomes  covered  with  granular  debris^  which  is 
in  greatest  abundance  close  to  the  corpuscles.  The  latter  at  length 
become  quite  clear,  except  for  a  few  granules  here  and  there  in  the 
stroma.  The  nuclei  are  distinct  and  of  a  bright  yellow  colour  and  are 
generally  oval  and  more  or  less  irregular  in  outline,  but  sometimes 
spherical.  A  double  contour-line  can  nearly  always  be  made  out  both 
around  the  nucleus  and  body  of  the  corpuscle.  Some  of  the  nuclei 
show  an  intranuclear  plexus,  others  are  smooth  and  homogeneous. 

Salicylic  Acid. 

A  saturated  watery  solution  of  salicylic  acid  caused  the  corpuscles 
to  swell  up  rapidly  and  become  globular,  the  nuclei  at  the  same  time 
becoming  tinged  yellow. 

In  a  very  short  time  the  corpuscles  begin  to  elongate  one  after 
another,  with  a  sudden  jerk.  No  visible  break  could  be  observed  in 
the  side  of  the  corpuscle,  although  the  nucleus  at  the  moment  of 
recoil  was  often  observed  to  pass  out  through  the  side  of  the  cor- 
puscle. The  field  of  the  microscope  quickly  became  covered  with 
yellowish  debris — the  contents  of  the  stroma  of  the  corpuscles — while 
the  perinuclear  part  of  the  corpuscles  became  decolorised.  Some  of 
the  nuclei  were  smooth  in  appearance,  and  bright  yellow  in  colour ; 
others  showed  beautifully  the  intranuclear  plexus  of  fibrils,  with 
narrow  meshes ;  and  still  others  had  become  swollen  up  to  about  twice 
their  normal  dimensions,  and  exhibited  a  wide-meshed  plexus  in  their 
interior,  due  no  doubt  to  the  separation  of  the  fibrils  by  the  swelling 
up  of  the  interfibrillar  substance.  Those  nuclei  which  showed  a 
plexus  in  their  interior  were  observed  to  be  bounded  by  a  double 
contour-line,  tinged  of  a  yellow  colour.  A  similar  line  indicated  the 
position  of  the  envelope  of  the  corpuscle.  Many  free  nuclei  were 
observed,  and  some  with  the  collapsed  envelope  and  stroma  of  the 
corpuscle  still  clinging  to  them. 

Other  nuclei  were  noticed  half  within  and  half  without  the  cor- 
puscle. When  the  effect  of  the  reagent  had  been  more  gradual,  the 
perinuclear  part  of  the  corpuscle  was  granular  and  darkened  in 
colour.  The  nucleus  was  pale — slightly  tinged  yellow — and  showed 
an  intranuclear  plexus. 

With  this  acid,  as  with  many  others,  we  frequently  observed  indi- 
cations in  the  nuclei  as  if  they  were  dividing,  and  we  recall  the 
observation  of  Freyer,  that  in  the  breeding  season,  he  observed  that 
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partially  divided  nuclei  were  freqaentlj  to  be  seen  m  the  coloared 
blood-corpa9cles  of  the  frog. 

Tartaric  Acid. 

On  irrigation  with  a  l2  per  cent,  solution  of  this  acid,  the  first 
effect  observed  was  an  nneqoal  shrinking  of  the  corpuscles,  so  as  to 
prodnce  a  very  peculiar  effect.  Each  corpuscle  appeared  with  a  series 
of  bars  across  it,  so  as  to  present  a  series  of  alternate  dark  and  light 
coloured  areas.  These  areas  not  unfrequently  resemble  a  series  of 
folds  or  creases  in  the  corpuscles.  Sometimes  these  areas  were 
arranged  with  considerable  regularity  across  the  corpuscle,  whilst  at 
other  times  they  were  irregular,  and  sometimes  radiated  outwards. 
The  lighter  areas  seemed  to  be  produced  by  the  corpuscle  becoming 
thinner  at  these  parts,  as  if  it  were  the  result  of  osmosis  taking  place 
unequally  and  irregularly.  This  effect,  however,  soon  gives  place  to 
another,  wherein  the  corpuscles  suddenly  swell  up  and  burst.  Co- 
incident with  this  swelling  up,  there  is  a  great  commotion  in  ihe 
material  elements  of  the  corpuscles,  the  nucleus  is  not  unfrequently 
liberated,  and  can  be  seen  to  pass  out  of  the  disintegrated  hull  of 
the  corpuscle,  becoming  &t  the  same  time  completely  decolorised. 
Immediately  before  bursting,  the  barred  arrangement  of  the  hemo- 
globin just  described  disappears,  and  the  nucleus,  which  until  then 
had  been  pale  and  indistinct,  becomes  more  distinct,  yellowish  in 
colour,  and  more  granular  in  appearance.  The  swelling  and  de- 
ooloration  could  often  be  observed  to  commence  at  one  end  of  the 
corpuscle  and  pass  towards  the  other  end.  After  the  corpuscles  had 
burst,  the  nuclei  were  left  stained  of  a  deep  yellow  colour,  and  show- 
ing a  beautiful  intranuclear  plexus  of  fibrils.  Many  nuclei  were  seen 
with  the  collapsed  envelope  and  stroma  of  the  corpuscle  still  adherent 
to  them.  After  a  time  the  collapsed  envelope  and  stroma  often 
became  slightly  stained  of  a  yellow  colour. 

Citric  Acid. 

The  action  of  a  12  per  cent,  solution  of  citric  acid  was  in  every 
respect  the  same  as  that  of  tartaric  acid. 

Formic  Acid, 

On  irrigation  of  a  drop  of  blood  with  a  12  per  cent,  solution  of  this 
acid,  the  nuclei  became  distinct,  and  many  of  the  corpuscles  very 
soon  became  globular,  gave  way  at  one  side,  and  became  decolorised. 
The  giving  way  was  accompanied  by  a  recoil  or  jerk.  The  nucleus 
sometimes  escaped,  but  was  generally  surrounded  by  vestiges  of  the 
collapsed  envelope,  and  of  the  stroma  of  the  corpuscle.  These  effects 
were  only  seen  in  those  corpuscles  which  first  came  under  the  influence 
of  the  reagent.     In  those  corpuscles  which  were  least  exposed  to  the 
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reagenty  the  effect  was  more  gradnal,  and  somewhat  different.  The 
nucleus  became  brighter  as  with  the  other  corpuscles,  bat  after  a 
short  time  the  corpuscle  saddenlj  expanded  to  several  times  its 
former  size.  No  bursting  was  observed,  nor  did  the  corpuscle  become 
globular  before  expansion.  The  nuclei  became  bright  yellow  and 
granular  after  the  expansion  of  the  corpuscle.  The  outline  of  the 
expanded  hull,  though  faint,  could  be  distinctly  seen,  as  also  could 
indications  of  a  fibrillar  stroma  in  the  hull. 


Lactic  Add, 

A  solution  of  lactic  acid  (24  per  cent.)  was  found  to  cause  at  first 
an  irregular  crenation  of  the  hsemoglobin  within  its  envelope,  so 
that  the  latter  could  be  seen  as  a  glass-clear  structure,  separated  from 
its  contents  at  different  parts.  The  nucleus  gradually  became  more 
distinct  and  **  granular."  The  corpascle  soon  expanded  suddenly  to 
several  times  its  original  size,  the  nucleus  being  well  defined,  and 
showing  beautifully  the  fibrillar  plexus  in  its  interior.  Some  of 
the  corpuscles  doubtless  burst,  as  free  nuclei  are  found  in  many  parts 
of  the  field.  Nuclei  are  also  seen  with  the  remains  of  the  hull  and 
envelope  of  the  corpuscle  attached  to  one  side. 

Oxalic  Acid. 

A  2  per  cent,  solution  of  oxalic  acid  caused  the  corpuscles  and 
their  nuclei  to  swell  up  and  become  globular.  The  nuclei  beciune 
tinged  yellow.  Very  soon  the  corpuscles  gave  a  sudden  recoil 
or  jerk,  and  at  the  same  time  elongated.  The  nucleus  was  often 
extruded  at  the  moment  of  recoil,  but  in  the  case  of  other  corpuscles 
it  simply  shifted  its  situation  within  the  corpuscle.  Not  unfrequeutly 
we  could  watch  the  nucleus  being  extruded,  and  when  it  was  half  out 
and  half  in  the  corpascle  it  was  constricted,  but  still  no  envelope 
was  visible  in  the  corpuscle.  No  actual  break  was  visible  on  the  side 
of  the  corpuscle,  but  the  contents  of  the  latter  was  scattered  over  the 
field  of  the  microscope  in  small  yellowish  granules.  The  corpuscles 
gradually  lost  their  colouring  matter,  but  the  nuclei  became  stained 
of  a  bright  yellow  colour,  and  showed  beautiful  plexuses  of  fibrils  in 
their  interior.  In  many  of  the  corpuscles  also  many  fine  fibrils, 
stained  yellow,  were  observed  in  the  perinuclear  part  of  the  cor- 
puscles, mostly  passing  in  a  radial  manner  from  the  nucleus  to  the 
envelope.     (Fig.  4,  e,  h.) 

These  fibrils  and  the   nucleus  are  well   stained  by  fuchsin   or 
magenta. 

If  the  action  of  the  acid  is  gradual  both  nucleus  and  corpuscle  may 
be  completely  decolorised* 
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Carbolic  Acid, 

The  changes  induced  in  the  corpuscles  by  a  saturated  (1  in  20) 
watery  solution  of  carbolic  acid  were  peculiar,  and  somewhat  difficult 
to  describe  on  account  of  the  rapidity  with  which  the  final  stage  was 
reached.  The  appearances  seen  were  as  follows : — On  irrigating  the 
blood  with  the  solution  of  the  reagent  it  was  found  that  the  corpuscles 
first  affected  had  lost  a  great  part — or  the  whole — of  their  hemoglobin, 
while  the  nucleus  had  become  much  swollen  and  of  a  globular  form. 
(Fig.  5,  a.)  The  nucleus  in  this  condition  often  showed  well  the  plexus 
in  its  interior,  but  at  other  times  it  was  seen  to  contain  a  number  of 
dark  yellow  globules — derived  no  doubt  from  the  perinuclear  part  of 
the  corpuscle — but  did  not  show  the  plexus.  The  corpuscle  itself  con- 
sisted of  the  swollen  nucleus  with  only  a  narrow  rim  of  the  perinuclear 
part  around  it.  In  some  corpuscles  hemoglobin  was  collected  into  a 
semi-globular  mass  attached  to  one  side  of  the  nucleus.     (Fig.  5,  6,/.) 

In  other  corpuscles  the  nucleus  had  a  crescent-shaped  mass  of 
hsemoglobin  on  either  side  of  it.  The  hsBmoglobin  still  in  connexion 
with  the  nucleus,  either  in  its  interior  or  attached  to  its  sides,  was 
smooth  in  appearance  and  darkened  in  colour;  over  the  part  of  the 
slide  first  invaded  by  the  reagent  many  long  dark  streaks  of  granular 
colouring  matter  were  seen.  It  appeared  as  if  the  corpuscles  attacked 
by  the  acid  had  had  their  envelope  dissolved  or  had  burst  at  one  side, 
allowing  of  the  escape  of  the  colouring  matter. 

On  selecting  some  unaltered  corpuscles  in  the  centre  of  the  slide, 
and  watching  the  gradual  action  of  the  acid  upon  them  as  it  passed 
under  the  cover-glass,  the  following  appearances  were  observed  : — The 
corpuscles  seen  on  the  flat  first  showed  the  barred  arrangement  of  the 
perinuclear  part  already  described  as  occurring  under  the  action  of 
several  other  reagents,  and  which  is  due  to  the  varying  thickness  of 
the  corpuscles  at  different  parts.  (This  variation  was  seen  in  a  cor- 
puscle on  edge,  which  hsks  then  a  crenated  appearance.)  Very  soon 
the  corpuscles  became  granular  in  appearance,  the  hsBmoglobin  becom- 
ing at  the  same  time  much  darkened.  The  nucleus  became  more 
distinct,  was  pale  in  colour,  and  had  a  granular  appearance.  Many  of 
the  corpuscles  were  observed  to  have  given  way  at  one  side,  and  their 
contents  to  have  been  partly  extruded.  The  nucleus  soon  became 
much  swollen,  and  often  exhibited  an  intranuclear  plexus.  The 
contents  of  the  corpuscles  were  scattered  about  the  field  of  the 
microscope  in  the  form  of  small  dark  granules.  Many  of  the  darkly 
granular  corpuscles  above  mentioned  appear  to  become  gradually 
decolorised,  while  in  others  the  granules  appeared  to  melt  down  into 
dark  yellow  homogeneous  semi-fluid  particles,  which  were  seen  adher- 
ing to  the  greatly  distended  nucleus.* 

*  The  liberation  of  the  hemoglobin  is  of  importance  in  connexioo  with  poisoning 
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Ammordum  Hjfdrate. 

On  irrigation  of  a  drop  of  blood  with  a  12  per  cent,  solution 
of  ammoninm  hydrate  the  corpuscles  became  spherical,  and  at  the 
same  time  darkened  in  colour.  The  nuclei  could  not  be  seen  dis- 
tinctly, but  appeared  to  have  undergone  the  same  change  of  shape  as 
the  corpuscles.  Very  soon  the  corpuscles  suddenly  collapsed,  and  they 
and  their  nuclei  disappeared  from  view  entirely.  Sometimes,  instead 
of  collapsing,  the  corpuscles  suddenly  expanded,  appearing  to  burst, 
and  then  melted  away.  The  expansion  was  accompanied  with  a  slight 
recoil  or  jerk.  The  solution  of  the  corpuscles  was  sometimes  more 
gradual,  this  depending,  however,  on  the  strength  of  the  solution  used. 
A  2  per  cent,  solution  causes  a  more  gradual  solution  of  the  cor- 
puscles. 

The  effects  of  ammonium  hydrate  and  the  alkalies  generally  have 
been  investigated  very  frequently,  and  solutions  much  weaker  than 
we  have  employed  have  been  used.  Dr.  William  Addison*  describes 
and  figures  what  he  called  the  acid  and  alkaline  forms  of  human  blood, 
while  Kneuttingerf  has  shown  that  "  alkalies  as  a  general  rule,  when 
in  a  state  of  moderate  concentration,  exert  a  solvent  action  on  all  the 
constituents  of  the  blood-corpuscles,  including  the  nuclei."  A  solution 
of  '1  grm.  in  100  cub.  centims.  is  quite  sufficient  for  this  purpose. 
There  is,  therefore,  nothing  remarkable  in  a  much  stronger  solution 
rapidly  producing  the  same  effect,  but  what  we  have  found  is  that 
some  time  after  complete  solution  of  the  corpuscles  has  occurred, 
small  microscopic  crystals  are  to  be  fonnd  scattered  over  the  field  of 
view.  If  such  a  preparation  be  sealed  up  the  crystals  gradually  grow 
and  assume  a  considerable,  although  still  microscopic,  size.  In  some 
cases  these  crystals  are  coloured  of  a  slightly  yellowish  tint.  Some  are 
prismatic,  whilst  others  are  like  two  triangles  placed  with  their 
obtuse  angles  towards  each  other.  They  resemble  very  closely  in 
shape  some  of  the  forms  of  triple  phosphate  which  are  found  in  urine 
after  decomposition  of  the  urea  has  set  in.  At  present  we  are 
unacquainted  with  their  exact  nature. 

A  very  ca,reful  description  of  the  action  of  the  vapour  of  ammonia 
is  given  by  Professor  Lankestor  in  his  paper  already  cited,  and  it  is 
curious  to  note  that  Professor  Lankester  saw  particles  separate  from 
the  haemoglobin  of  frog's  corpuscles,  and  **  in  these  it  was  quite  easy 

by  csrboHc  add,  when  the  urine  has  a  dark  smoky  tint  from  the  presence  of 
altered  hfemoglobin ;  Huls,  under  Landois'  direction,  also  found  that  carbolic  acid 
caused  a  separation  of  the  hsmoglobin  from  the  stroma.  **  Lehrbuch  der  Physio- 
logie,"  drd  edition,  bj  Landois.    January  10th,  1888. 

•  "  Quart.  Joum.of  Mic.  So.,"  N.S.,  vol.  i,  p.  20,  and  "  Proc.  Roy.  Soc.,"  vol.  10, 
p.  186. 

t  «Znr  Histologie  des  Blutes,"  Warzburg,  1865.  (Strieker's  "Histology," 
▼ol.  i,  p.  398.) 
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to  recognize  tlie  well-known  donble  rhomboid  form  of  hssmoglobin 
crystals."  The  crystals  which  we  fonnd,  however,  were  deposited  in 
the  flaid  after  the  solution  of  the  corpuscles  under  the  action  of 
ammonium  hydrate. 

Sulpho'Gyanide  of  Ammonium. 

The  action  of  this  reagent  on  the  coloured  blood-corpuscle  is, 
perhaps,  one  of  the  most  interesting  which  we  h&te  examined — not 
only  as  regards  its  immediate  action,  but  also  as  regards  the  ultimate 
effect  it  produces  upon  the  nucleus  in  which  it  reveals  an  intranuclear 
plexus  of  fibrils  with  the  greatest  distinctness.     (Fig.  8,  a,  5.) 

On  irrigating  blood  with  a  10  per  cent,  solution  of  this  salt,  the 
corpuscles  first  became  somewhat  larger,  and  clear  bands  appeared  in 
the  perinuclear  part.  (Fig.  6,  a.)  The  direction  of  these  bands  was 
generally  across  the  long  axis  of  the  corpuscles.  The  corpuscle 
looked  as  if  there  were  a  series  of  folds  or  creases  in  it.  The  efTect 
was  thus  similar  to  the  early  effect  produced  by  citric  and  tartaric 
acids  upon  the  corpuscles,  except  that  the  clear  bands  were  more 
numerous  in  the  case  of  the  salt.  The  nucleus  at  the  same  time  was 
brought  out  more  distinctly,  though  still  remaining  pale,  and  the  oat- 
line  of  its  intranuclear  plexus  was  faintly  seen. 

On  selecting  a  corpuscle  and  observing  the  effect  of  the  reagent 
closely,  it  was  seen  after  a  minute  or  two  to  lose  its  barred 
appearance,  and  then  small,  highly  refractive,  coloured  globules  began 
to  form  near  the  edge  of  the  corpuscle.  These  small  globules  were 
soon  seen  on  the  outside  of  the  corpuscle,  to  which  they  remained 
attached  for  a  few  seconds  by  a  tailed  process  of  their  own  substance. 
The  droplets  began  to  exhibit  active  molecular  or  Brown ian  move- 
ments. The  processes  connecting  the  globules  to  the  outside  of  the 
corpuscle  soon  gave  way,  and  then  the  spherical  masses  of  coloured 
protoplasm  began  to  dance  about  over  the  field  of  the  microscope,  in 
active  molecular  movement.  (Fig.  6,  c,  d,  e,  /.)  The  margin  of  the 
corpuscle  was  left  crenated,  or  rather  dentated,  and  from  the  denta- 
tions other  small  globules  began  to  come  off  and  dance  about  like  their 
predecessors.  After  some  of  these  small  globules  were  cast  off,  or  at 
least  after  the  threads  which  fixed  them  to  the  corpuscle  were  severed, 
which  one  can  see  taking  place  in  the  field  of  the  microscope,  the 
corpuscle  often  assumes  a  variety  of  shapes,  giving  out  a  lobose  pro- 
cess, which  may  also  change  its  shape  and  dimensions.  (Fig.  6,  n,  p,  q,) 
It  is  most  interesting  to  watch  the  liberation  of  the  droplets,  and  Uie 
variety  of  shapes  assumed  by  the  corpuscle.  The  detached  droplets 
gradnally  become  decolorised.  The  corpuscle  begins  to  shrink  visibly 
in  size  as  the  droplets  extrude  from  it,  and  at  the  same  time  becomes 
darker  in  colour.  The  dentations  disappear  with  the  shrinking  of  the 
corpuscles,  which  commenced  about  five  or  six  seconds  after  the  first 
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^lobnles  were  seen  on  the  surface  of  the  corpuscle.  The  outline  of  the 
oorposcle  while  shrinking  was  more  or  less  irregular,  and  the  droplets 
continued  to  form  on  the  margins  of  the  corpuscles.  The  corpuscles 
were  obviously  in  a  very  plastic  condition,  if  one  may  judge  from  the 
I  with  which  they  changed  their  shape.  Ultimately  the  corpuscle 
rather  what  remained  of  it — became  condensed  into  a  small 
globular  mass  of  a  dark  yellow  colour,  usually  with  the  pale  nucleus  in 
its  centre.  In  a  short  time  the  nucleus  which  had  hitherto  been  but 
slightly  affected,  suddenly  expanded  to  a  considerable  extent,  some- 
times  breaking  up  in  the  process. 

A  beautiful  intranuclear  plexus  of  fibrils  was  then  seen  to  exist  in 
the  interior  of  the  nucleus.  (Fig.  8,  a,  6.)  With  the  swelling  up  of 
the  nucleus,  the  rest  of  the  corpuscles  underwent  complete  decolori- 
sation.  Traces  of  a  stroma  were  detectable  in  the  colourless  hull 
of  the  corpuscle. 

Ultimately  the  microscopic  field  contained  a  large  mumber  of  nuclei, 
now  considerably  enlarged,  and  each  one  containing  a  beautiful  view 
of  its  intranuclear  plexus  of  fibrils.  It  was  obvious  that  the  nucleus 
had  become  enlarged  through  the  swelling  up  of  the  material — what- 
ever its  nature — which  lies  within  the  meshes  of  the  plexus.  The 
fibrils  themselves  are  also  enlarged,  and  they  bound  meshes  which  in 
some  cases  are  polygonal,  in  others  hexagonal  in  shape.  This  reagent 
shows  the  intranuclear  plexus  quite  as  distinctly  as  ammonium  chro- 
mate.  On  subsequently  staining  the  distended  nuclei  with  magenta 
or  fuchsin,  the  plexus  becomes  stained,  and  they  present  a  singularly 
fine  demonstration  of  the  arrangement  of  the  fibrils.  They  may  be 
kept  for  a  considerable  time. 

One  cannot  fail  to  notice  how  closely  the  phenomena  above  de- 
scribed agree  with  the  action  of  certain  other  reagents  upon  the  blood- 
corpuscles — notably  a  <)  per  cent,  solution  of  ammonium  chromate 
which  shows  the  separation  of  particles  of  the  hsemoglobin  in  the  form 
of  droplets  of  the  most  bizarre  forms,  and  the  changes  of  shape  with 
the  utmost  distinctness.  A  strong  solution  of  urea  exerts  an  almost 
similar  action  upon  the  coloured  corpuscles — and  so  does  heat,  as  was 
described  by  Max  Schulze. 

Somewhat  similar  phenomena  were  observed  by  G-.  F.  Dowdeswell,* 
in  the  blood  of  man  and  the  dog  when  acted  upon  by  septic  matter, 
such  as  an  aqueous  extract  of  putrid  muscle.  These  phenomena  closely 
resemble  the  results  obtained  on  human  blood  by  Dr.  Wm.  Addison,t 
F.B.S.,  with  pale  sherry,  either  alone  or  in  combination  with  various 
substances. 

Coloured  corpuscles  of  amphibian  blood  have  been  observed  by 
Rindfleisch  and  Beale  to  undergo  remarkable  changes  in  shape. 

•  "  Quart.  Joum.  of  Mic.  So.,"  1881,  p.  154. 
t  "  Proo.  Eoy.  Soc,"  toI.  10,  p.  186. 
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Bindfleisch  is  inclined  to  believe  that  small  portions  of  the  "hiB' 
matin-containing  contents  mnst  pass  through  pores  in  the  cell 
membrane,  or  through  holes  produced  in  some  other  way  in  the 
same."  But  Preyer  remarks*  that  such  forms  of  coloured  corpuscle 
have  no  membrane.  Bealef  found  similar  forms  with  long  thread-like 
processes  which  became  separated  from  the  parent  corpuscle  when  a 
drop  of  blood  was  warmed. 

Sometimes  another  series  of  phenomena  is  obtained.  Large  glo- 
bular or  flask-shaped  processes  are  given  off  from  the  margins  of 
the  corpuscles.  (Fig.  6,  p^  q.)  It  may  be  at  one  side  or  on  both. 
Some  of  them  become  detached,  and  coalesce  to  form  globular  or  semi- 
globnlar  large  masses,  which  float  off  into  the  surrounding  fluid,  and 
are  ultimately  dissolved.  Ultimately  the  nucleus  undergoes  the  same 
changes  as  have  already  been  described. 

Svlpho'Gyanide  of  Potassium, 
A  10  per  cent,  solution  of  this  salt,  gave  exactly  the  same  results 
as  the  corresponding  salt  of  ammonium. 

Ammonium  Chromate, 

When  a  drop  of  frog's  blood  was  mixed  in  the  cold  with  a  drop  of  a 
5  per  cent,  solution  of  this  salt,  the  corpuscles  were  first  observed  to 
take  on  the  barred  appearance  of  the  perinuclear  part,  described  as  part 
of  the  effect  of  citric,  tartaric,  and  other  acids,  Ac.  The  nucleus  was 
more  distinctly  seen  and  was  pale  and  slightly  granular.  Small  coloured 
droplets  were  soon  observed  to  form  at  the  margin  or  periphery 
of  the  corpuscles.  The  corpuscles  then  usually  became  more  or  less 
regularly  crenated,  and  the  small  yellow  coloured  droplets  began  to 
assume  a  beaded  appearance  on  the  surface  or  edges  of  the  corpuscles. 
They  then  began  to  exhibit  active  Brownian  movements.  The  cor- 
puscles had  by  this  time  again  become  homogeneous  in  appearance, 
and  appeared  to  be  very  mobile  or  plastic,  as  they  changed  their  shape 
with  great  facility.  The  corpuscles  diminished  in  size  as  the  coloured 
droplets  passed  out,  while  at  the  same  time  the  crenation  disappeared, 
and  the  outline  of  the  corpuscles  became  more  or  less  uneven.  The 
coloured  part  of  the  corpuscles  often  became  aggregated  into  two  or 
three  or  more  rounded  masses,  causing  a  projection  at  those  points. 
The  corpuscle  thus  often  had  a  dumb-bell,  triradiate,  or  stellate 
form  with  rounded  angles.  Very  often  one  or  more  of  these  knobs 
would  become  pedunculated,  and  at  length  break  off  from  the  cor- 
puscle. Sometimes  a  corpuscle  would  be  seen  floating  about  with 
several  of  these  coloured  globular  masses  attached  to  it  by  long  pro- 
cesses, while  but  a  very  small  amount  of  colouring  matter  remained 

•  Preyer,  "  Virchow's  Archiv,"  toI.  xxx,  p.  432. 

t  "  Trans.  Mio.  Soc.,"  toI.  xii,  N.S.,  p.  32,  and  "  Quart  Joum.  Mic.  Sc," 
Tol.  IT,  N.8.,  1864. 
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ftround  the  nuclei.  The  processes  attaching  the  masses  of  coloured 
matter  to  the  nncleus  often  appeared  to  he  memhrauous  in  character. 
Many  of  the  corpuscles  ultimately  hecame  perfectly  spherical,  the 
nucleus  being  indistinctly  seen  in  the  centre  or  at  one  side.  These 
spherical  corpascles  were  often  seen  to  contain  several  globular  masses 
grouped  usually  around  the  nucleus.  Very  often  the  ultimate  effect 
was  to  leave  Uie  nucleus  with  a  dark  yellow  rounded  knob  of  the 
coloured  part  of  the  corpuscle  at  either  end  of  it.  Sometimes  the 
whole  of  the  coloured  part  of  the  corpuscle  had  disappeared,  leaving 
the  nucleus  pale  and  swollen,  and  with  indications  of  a  plexus  in  its 
interior.  (These  pecaliar  forms  which  the  corpuscles  assume  may  be 
preserved  some  time  by  sealing  up  the  preparation.) 

From  some  of  the  corpuscles  long  delicate  processes  were  observed 
to  pass.  Some  of  these  processes  appeared  to  be  made  up  of 
minute  globules  of  coloured  material  which  had  coalesced  to  form 
a  continuous  bead-like  string.  They  resetnbled  very  much  the 
processes  seen  passing  from  the  blood-corpuscles  of  the  frog  after 
treatment  with  a  20  per  cent,  solution  of  urea.  Other  pnx^sses 
appeared  to  be  of  a  membranous  character,  and  were  tipped  at  their 
free  extremities  by  a  minute  coloured  globule. 

All  these  processes  were  remarkable  for  their  length,  which  was 
sometimes  several  times  that  of  the  corpuscle  itself.  They  were  more 
easily  induced  in  the  corpuscles  by  gently  heating  the  slide  over  a 
spirit-lamp. 

If  some  of  the  blood  of  a  newt  be  kept  for  forty-eight  hours  in  a 
5  per  cent,  solution  of  ammonium  chromate,  it  will  be  found  on 
examining  it  that  in  most  of  the  corpuscles  the  perinuclear  part  has 
entirely  disappeared,  leaving  the  nucleus  much  swollen  and  of  a 
globular  form.  An  intranuclear  plexus  with  wide  meshes  is  seen. 
The  nucleus  stains  readily — though  not  very  deeply — with  picro- 
carmine,  the  interior  of  the  nucleus  becoming  reddish  in  colour  and 
the  envelope  yellowish.  (Various  forms  assumed  by  the  corpuscles  are 
shown  in  Fig.  7.) 

The  action  of  this  substance  on  the  coloured  blood-corpuscles  of  the 
frog  is  accurately  described  by  Mr.  Dowdeswell  as  far  as  regards  the 
extension,  retraction,  and  detaching  of  the  protuberances,  and  he 
remarks  that  no  rupture  of  a  membrane,  or  anything  of  the  kind,  was 
to  be  seen,  even  with  a  power  of  1,000  diameters.  Dr.  Klein*  has 
also  shown  the  immense  importance  of  this  substance  for  a  variety 
of  purposes,  but  especially  for  revealing  the  fibrillar  plexuses  within 
cells  and  nuclei,  e,g,^  in  non-striped  muscle,  &c. 

Urea. 
A  20  per  cent,  solution  of  urea  first  caused  the  corpuscles  to  become 
•  "  Quart.  Joum.  Mic.  Sc,"  1878, 1879. 
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crenated  and  then  to  assame  a  globnlar  form.  This  cliange  to  a 
globular  form  occurred  for  the  most  part  suddenly  with  a  recoil  or 
jerk.  At  the  same  time  processes  were  usually  thrown  out  from  the 
corpuscles,  sometimes  to  a  considerable  distance.  Usually  the  cor- 
puscle itself  underwent  considerable  changes  in  shape.  The  nucleus 
could  not  be  seen.  Small  coloured  droplets  became  extruded  from 
the  corpuscle  and  danced  over  the  field  of  the  microscope  with  active 
molecular  movements.  Sometimes  the  action  of  the  reagent  was  less 
vigorous — due  to  less  being  present — and  then  the  corpuscles  n^- 
dnallyjbecame  globular,  the  sudden  recoil  not  being  observed.  The 
crenation  was  observed  as  before,  and  then  the  corpuscle  began  to 
diminish  in  size,  owing  to  the  formation  and  detaching  of  its  plastic 
coloured  substance.  All  the  corpuscles  ultimately  become  spherical 
and  very  much  lessened  in  bulk,  and  then  gradually  become  de- 
colorised. From  some  of  those  which  had  been  of  a  globular  form  for 
some  time  long  delicate  beaded  processes  were  observed  to  pass. 

Kolliker*  found  that  solutions  of  urea  of  15  per  cent,  and  upwards 
produced  similar  changes  in  frog's  blood.  "  The  coloured  blood- 
corpuscles  became  gradually  more  jagged,  and  some  became  trans- 
formed into  the  most  beautiful  stellate  cells  with  at  most  three  to  six 
tolerably  long  and  more  flask-like  processes.  The  latter  began  as  it 
were  to  dissolve  and  disappear,  partly  by  their  margins  being  dissol  ved^ 
and  partly  by  small  coloured  particles  being  detached  from  their  surface. 
These  particles  at  once  became  pale  and  gradually  disappeared.  At 
last  there  remained  only  the  nucleus-containing  portion  of  the  cell, 
as  a  small,  round,  dark  red,  refractive  globule,  which  eventually  became 
pale,  and  which,  even  to  the  nucleus,  disappeared  without  leaving  a 
trace  behind." 

Preyer  agrees  that  the  above  description  is  accurate,  with  the 
exception  of  the  part  which  refers  to  their  becoming  pale,  which 
Preyer  ascribes  to  the  action  of  water.  Indeed,  Preyer  f  obtained 
similar  results  by  allowing  a  drop  of  solution  of  urea  to  evaporate  on  a 
slide  and  then  placing  a  drop  of  blood  upon  the  thin  crystalline  layer 
of  uiea  thus  formed.  The  results  he  obtained  are  carefully  figured, 
and  they  agree  exactly  with  the  results  we  have  obtained. 

The  interest  which  attaches  to  the  solvent  action  of  urea  is  consider- 
able, but  the  remarkable  variety  of  shapes  and  the  detaching  of 
droplets  from  the  corpuscles  are  also  interesting,  more  especially  as 
urea  is  only  one  of  a  number  of  reagents  which  cause  a  similar  re- 
action. 

We  propose  to  continue  our  observations  upon  the  effects  of  the 
foregoing  and  other  reagents  upon  human  blood  or  mammalian  blood 
generally,  which  will  form  Part  II. 

•  y.  Siebold  n.  K5lliker's  <'  ZeitMsh.  f.  Win.  Zoolog.,"  vol.  yii,  1856,  p.  183. 
t  "  Virohow*i  ApchiT  £.  Path.  An»t.,"  toI  xxx,  p.  432. 
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DESCRIPTION  OF  PLATE  1. 

.  1.  Eifect  of  pjTOgallic  add  solution  upon  the  red  blood-oorpuMles  of  the  newt. 

2.  Effect  of  gftllic  acid. 

3.  Effect  of  hjdroohloric  acid. 

4.  Effect  of  oxalic  add. 

5.  Effect  of  carbolic  add. 

6.  Yarious  forms  asromed  bj  the  corpuscles  when  acted  upon  bj  amn&onium 

sulphooyanide  or  potasdc  sulphocjanide. 

7.  Various  forms  produced  by  the  action  of  ammonium  ehromate. 

8.  Shows  final  effect  of  ammonium  sulphocjanide  on  the  nucleus,  tIz.,  to  reveal 

an  intranuclear  plexus. 
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DESCBIPTIOK  OF  PLATE  1. 

Fig.  1.  Effect  of  pjTogallio  acid  solution  upon  the  red  blood-oorpu«clee  of  the  newt, 
„     2.  Effect  of  g&Uio  acid. 
„    8.  Effect  of  hydrochloric  add. 
„    4.  Effect  of  oxalio  acid. 
„    5.  Effect  of  carbolic  acid. 
„    6.  Various  forms  assumed  by  the  corpuscles  when  acted  upon  by  ammonium 

sulphocyanide  or  potitssic  sulphocyanide. 
,y    7.  Yarious  forms  produced  by  the  action  of  ammonium  chromate. 
„    8.  Shows  final  effect  of  ammonium  sulphocyanide  on  the  nucleus,  rix.,  to  rereal 

an  intranuclear  plexus. 


April  5,  1883. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
ihem. 

The  following  Papers  were  read : — 

L  **  On  a  hitherto  unobserved  Resemblance  between  Carbonic 
Acid  and  Bisulphide  of  Carbon."  By  JoHN  Tyndall, 
F.R.S.    Received  March  15,  1883. 

Chemists  are  ever  on  the  alert  to  notice  analogies  and  resemblances 
in  the  atomic  structure  of  different  bodies.  They  long  ago  indicated 
points  of  resemblance  between  bisulphide  of  carbon  and  carbonic 
acid.  In  the  case  of  the  latter  we  have  one  atom  of  carbon  united 
to  two  of  oxygen,  in  the  case  of  the  former  one  atom  of  carbon  united 
to  two  of  sulphur.  Attempts  have  been  made  to  push  the  analogy 
still  farther  bj  the  discovery  of  a  compound  of  carbon  and  sulphur 
analogous  to  carbonic  oxide,  but  hitherto,  I  believe,  without  success. 
X  have  now  to  note  a  resemblance  of  some  interest  to  the  physicist, 
and  of  a  more  subtle  character  than  any  hitherto  observed. 

When,  by  means  of  an  electric  current,  a  metal  is  volatilized  and 
subjected  to  spectrum  analysis,  the  "  reversal "  of  the  briglit  band  of 
the  incandescent  vapour  is  commonly  observed.  This  is  known  to  be 
due  to  the  absorption  of  the  rays  emitted  by  the  hot  vapour  in  the 
partially  cooled  envelope  of  its  own  substance  which  surrounds  it. 
The  effect  is  the  same  in  kind  as  the  absorption  by  cold  carbonic  acid 
of  the  heat  emitted  by  a  carbonic  oxide  flame.     For  most  sources  of 
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radiation  carbonic  acid  is  one  of  tbe  most  transparent  of  gases ;  for 
the  radiation  from  the  hot  carbonic  acid  produced  in  the  carbonic 
oxide  flame,  it  is  the  most  opaqne  of  all. 

Again,  for  all  ordinary  sources  of  radiant  heat,  bisulphide  of  carbon, 
both  in  the  liquid  and  vaporous  form,  is  one  of  the  most  diathermanous 
bodies  known.  I  thought  it  worth  while  to  try  whether  a  body  re- 
puted to  be  analogous  to  carbonic  acid,  and,  like  it,  so  pervious  to  most 
kinds  of  heat,  would  show  any  change  of  deportment  when  presented 
to  the  radiation  from  hot  carbonic  acid.  Does  the  analogy  between 
the  two  substances  extend  to  the  vibrating  periods  of  their  atoms  ? 
If  it  does,  then  the  bisulphide,  like  the  carbonic  acid,  will  abandon  its 
usually  transparent  character,  and  play  the  part  of  an  opaque  body, 
when  presented  to  the  radiation  from  the  carbonic  oxide  flame.  This 
proves  to  be  the  case.  Of  the  radiation  from  hydrogen,  a  thin  layer 
of  bisulphide  transmits  90  per  cent.,  absorbing  only  10.  For  the 
radiation  from  carbonic  acid,  the  same  layer  of  bisulphide  transmits 
only  25  per  cent.,  75  per  cent,  being  absorbed.  For  this  source  of 
rays,  indeed,  the  bisulphide  transcends,  as  an  absorbent,  many  sub- 
stances which,  for  all  other  sources,  far  transcend  li,* 


II.  "On  Electrical  Motions  in  a  Spberical  Conductor.'*  By 
Horace  Lamb,  M.A.,  formerly  Fellow  of  Trinity  College, 
Cambridge,  Professor  of  Matbematics  in  tbe  University  of 
Adelaide.  Communicated  by  J.  W.  L.  Glaisher,  M.A.y 
F.R.S.    Received  March  14, 1883. 

(Abstract.) 

This  paper  treats  of  the  motions  of  electricity  produced  in  a 
spherical  conductor  by  any  electric  or  magnetic  operations  outside  it. 
The  investigation  was  undertaken  some  time  ago  in  illustration  of 
Maxwell's  theory  of  electricity.  This  theory  is  so  i^markable,  more 
especially  in  the  part  which  it  assigns  to  dielectric  media  in  the 
propagation  of  electro-magnetic  effects,  that  it  seemed  worth  while  to 
attack  some  problem  in  which  all  the  details  of  the  electrical  pro- 
could  be  submitted  to  calculation,  although  it  was  evident 


*  Nearly  twenty  yetrs  ftgo  I  obeerred,  among  other  ohanges  of  diathennio  poeition, 
the  reTenal  of  bisulphide  of  carbon  and  chloroform,  when  the  pale  blue  flame  of  a 
B  onsen  burner  was  the  source  of  heat.  When,  for  example,  the  rays  issued  from  a 
luminous  jet  of  gas,  the  absorptions  of  the  bisulphide  and  of  chloroform  were  found  to 
be  9*8  and  18  per  cent,  respeotirelj ;  whereas  when  the  Bunsen  flame  was  empkiyed, 
the  abeorptions  of  the  same  two  substanoee  were  ll'l  and  6*2  per  cent.  The  cause 
of  this  rerersal  doubtless  is  that  in  the  Bunsoi  flame  hot  oarixmio  add  is  the  prin- 
cipal railiant.    (*«  PhU,  Trana.,"  1864,  p.  352.)— April  6. 
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beforehand  from  tlie  researches  of  Hehnboltz*  and  others  that  tho 
results  (so  far  as  they  are  peculiar  to  the  theory)  would  be  of  far  too 
snbtle  a  character  to  admit  of  comparison  with  experiment.  In 
studying  the  mathematical  character  of  the  problems  above  stated  I 
was  led  to  a  certain  system  of  formulee,  which  I  have  since  utilised  in 
two  conunnnications  to  the  London  Mathematical  Society,!  and  which 
seem  likely  to  be  of  use  in  a  great  variety  of  physical  questions. 

The  first  section  consists  mainly  of  a  recital  of  the  fundamental 
equations  and  of  the  conditions  to  be  satisfied  at  the  surfoce  of  a 
conductor.  It  is  assumed,  in  the  first  instance)  that  the  magnetic 
susceptibility  of  the  conductor  is  zero. 

In  §  2  is  introduced  the  assumption  that  all  our  functions  vary  as 
6^,  where  t  is  the  time,  and  \  a  constant.  It  is  pointed  out  that  this 
assumption  is  sufficiently  general.  The  fundamental  equations  are 
then  put  into  a  mathematically  convenient  form.  Before,  however, 
proceeding  to  apply  these  equations  as  they  stand,  I  examine  the  effect 
of  assuming  that  the  velocity  (v)  of  propagation  of  electro-magnetic 
effects  in  the  medium  surrounding  the  conductor  is  practically  infinite. 
This  assumption,  which  has  been  made  by  all  writers  (incluiiing 
Maxwell  himself)  who  have  applied  Maxwell's  theory  to  ordinary 
electro-magnetic  phenomena,  greatly  simplifies  the  calculations  with- 
out sensibly  impairing  the  practical  value  of  the  results.  If  L  stand 
for  a  linear  dimension  of  the  conductor  and  p  for  its  specific  resist- 
ance, it  will  appear  in  the  sequel  that  when,  as  in  all  practical  cases, 
X  is  small  as  compared  with  v/L,  the  error  introduced  by  the  assump- 
tion in  question  is  of  the  order  X/>/t;*.  For  any  ordinary  metallic 
conductor,  and  for  any  value  of  X  which  can  be  appreciated  experi- 
mentally, this  fraction  is  excessively  minute. 

In  §  3  the  solutions  of  our  equations  (on  the  assumption  above 
indicated)  are  given  in  the  form  appropriate  to  our  present 
problem.  These  solutions  are  of  two  distinct  types.  Those  of  the 
first  type,  which  are  much  the  more  important  from  an  experimental 
point  of  view,  have  (I  find)  been  discussed,  though  by  a  different 
method,  by  Professor  C.  Niven,  in  a  paper  recently  published. {  As 
the  points  to  which  attention  has  been  directed  are  for  the  most  part 
sufficiently  distinct  in  the  two  investigations,  I  have  allowed  the 
corresponding  portions  of  my  paper  to  stand. 

In  §  4  I  discuss  the  case  of  electric  currents' started  anyhow  in  the 
sphere,  and  left  to  themselves.  The  equation  which  gives  the  moduli 
of  the  natural  modes  of  decay  of  the  first  type  agrees  with  the  result 
obtained  by  Professor  Niven. 

•  CreUe,  t.  72  (1870). 

t  "  On  the  Osculations  of  a  Viwsous  Spheroid,"  "  Proc.  L.  M.  S.,"  Nov.  10, 1881, 
and  "  On  the  Vibrations  of  an  Electric  Sphere,"  May  11,  1882. 
t  "  Pha.  Trans.,  '  1882.    The  date  of  the  paper  is  January,  1880. 
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In  §  5  is  studied  tlie  case  of  induced  currents.  Since  anj  disturb- 
ance in  the  field  (however  arbitrary)  can  be  expressed,  as  regards  the 
time,  by  a  series  of  simple  harmonic  terms,  it  is  sufficient  to  consider 
the  case  when  the  variations  in  the  inducing  system  follow  the  simple 
harmonic  law..  This  case  has,  moreover,  acquired  a  special  interest 
since  the  invention  of  the  telephone.  The  two  extreme  cases,  where 
the  period  of  the  variation  in  the  field  is  very  large  or  very  small  in 
comparison  with  the  time  of  decay  of  free  currents  in  the  sphere,  are 
discussed  in  some  detail. 

In  §  6  the  case  of  a  thin  spherical  sliell  is  briefly  examined. 

I  next  proceed  to  investigate  what  modifications  must  be  introduced 
into  the  methods  and  the  results  of  the  preceding  sections  when  the 
substance  of  the  sphere  is  susceptible  of  magnetisation.  This  occupies 
§§  7,  8,  9,  10. 

In  the  remaining  sections  of  the  paper  I  investigate  the  solution  of 
our  fundamental  equations,  taking  account  of  the  finite  value  of  v. 
The  corrections  to  our  former  results  are  of  most  interest  in  the 
solutions  of  the  second  type.  Although  the  preceding  theory,  based 
on  the  assumption  i;=QO,  is  sufficient  for  all  purposes  of  compa- 
rison with  experiment,  there  are  certain  processes  of  (at  all  events) 
theoretical  interest  of  which  it  fails  altogether  to  give  an  account, 
viz.,  all  those  cases  in  which  any  change  in  the  superficial  electrifica- 
tion of  the  sphere  takes  place.  For  the  expression  of  these  the 
solutions  of  the  second  type  are  appropriate.  There  is  no  difficulty  in 
working  out  the  requisite  formulaB,  but  in  the  application  to  the  case 
of  free  motion  a  difficulty  of  interpretation  arises,  which  is  noticed  in 
the  proper  place. 


III.  "Observations  on  the  Colouring-matters  of  the  so-called 
Bile  of  Invei-tebrates,  on  those  of  the  Bile  of  Vertebrates, 
and  on  some  unusual  Urine  Pigments,  &c."  By  CHARLES  A. 
MaoMunn,  B.A.,  M.D.  Communicated  by  Dr.  M,  Foster, 
Sec.  R.S.    Received  March  8,  1883. 

(Abstract.) 

In  this  paper  the  result  of  a  systematic  examination  of  the  bile  and 
various  extracts  of  the  livers  of  MoUusca  and  Arthropoda,  and  of  the 
pyloric  or  radial  casca  and  other  appendages  of  the  digestive  system 
of  Echinodermata  is  described.  The  universal  distribution  of  one 
colouring-matter,  which  by  appropriate  experiments  is  shown  to  be  a 
chlorophyll  pigment,  is  proved.  It  occurs  in  the  above  organs  and  can 
be  detected  in  the  bile  of  specimens  of  Helix  after  a  six  months*  fast  i 
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for  this  oolouring-matter,  since  it  is  found  in  the  appendages  of  the 
enteron,  the  name  enterochlorophyll  is  proposed.  The  slight  differences 
observable  in  different  cases  are  shown  to  be  dae  to  the  probable 
greater  or  less  amount  of  the  nsnal  chlorophyll  constituents, — blue 
chlorophjU,  yellow  chlorophyll,  and  chlorof  ncine, — and  the  presence  of 
xanthophyll,  lutein  or  tetronerythrin.  Enterochlorophyll  is  shown 
to  be  much  more  abundant  in  the  livers  of  MoUusca  and  in  Echinoder- 
mata  than  in  Crustacea,  as  tbe  livers  of  the  last  generally  contain 
more  lutein,  or  sometimes  tetronerythrin. 

The  presence  of  reduced  haematin  is  also  demonstrated  in  the  bile 
of  the  crayfish  and  in  several  pulmonate  Molluaca,  and  its  respiratory 
and  other  uses  discussed. 

The  conclusions  which  these  observations  and  others  led  to  are 
summed  up  as  follows ; — 

(1.)  The  existence  of  enterochlorophyll  in  the  so-called  liver,  or 
other  appendages  of  the  enteron  in  Invertebrates  is  definitely  esta- 
blished. 

(2.)  This  pigment  occurs  in  greatest  abundance  in  Mollusca,  it 
occurs  less  frequently  in  Arthropoda,  and  its  presence  in  Vermes  is  not 
proved. 

(3.)  The  pyloric  csca  of  starfishes  contain  it  in  great  abundance, 
also  the  intestinal  appendages  of  Echinus,  which  fact  shows  that  tbe 
former  function  like  the  so-called  liver  of  other  Invertebrates. 

(4.)  The  bile  of  the  crayfish  and  that  of  pulmonate  Mollusca  contains 
hflemochromogen ;  in  the  latter  it  is  generally  accompanied  by  entero- 
chlorophyll, and  appears  to  be  concerned  more  in  aerial  than  aquatic 
respiration. 

(5.)  The  so-called  liver  of  Invertebrates  is  a  pigment- producing  and 
storing  organ,  as  well  as  being  concerned  in  the  preparation  of  a 
digestive  ferment. 

(6.)  The  presence  of  heemochromogen  in  the  bile  of  Invertebrates 
is  apparently  determined  by  their  mode  of  living ;  and  it  does  not 
appear  to  be  distributed  according  to  purely  morphological  cou- 
siderations. 

The  remainder  of  the  paper  deals  with  vertebrate  bile  pigments,  and 
contains  some  observations  on  abnormal  urinary  colouring-matters 
mainly  with  regard  to  their  spectroscopy.  The  various  bile  pigments 
of  Stadeler  are  first  dealt  with,  and  some  remarks  on  the  bile  specti-a  of 
animals  follow ;  here  it  is  shown  that  urobilin  can  be  extracted  from 
the  liver  of  Salamandra  maculata  by  means  of  alcohol,  that  it  is 
absent  from  reptilian  bile  during  hibernation,  and  that  the  liver  of 
fishes  may  contain  tetronerythrin  which  can  be  extracted  from  it 
by  suitable  solvents.  The  latter  fact  suggests  an  analogous  function 
to  that  of  the  liver  of  Invertebrata. 
•  The  results  of  the  examination  of  a  green   hydrocele  liquid  are 
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detailed,  wliich  showed  beyond  doubt  that  biliverdin  was  present, 
and  since  in  that  case  its  origin  could  be  traced  to  blood  pigment, 
the  origin  of  biliverdin  from  blood  pigment  is  demonstrated. 

The  identity  of  stercobilin  and  hydrobilirubiu  got  by  the  action  of 
nasceut  hydrogen  on  bilirubin  is  proved,  and  a  difference  between 
them  and  febrile  urobilin  shown  to  exist. 

The  statement  that  the  absorption  bands  of  sheep  bile  are  the  same  as 
those  which  occur  in  Gmelin*8  reaction  is  shown  to  be  erroneous,  and 
a  brief  description  of  the  method  of  isolating  the  colouring-matter  of 
sheep  bile  and  the  wave-lengths  of  its  different  solutions  given.  Chlo- 
rophyll is  shown  to  be  absent. 

Under  the  head  of  urinary  pigments,  it  is  shown  that  the  feeble 
bands  described  by  me  in  a  former  paper  in  the  spectrum  of  febrile 
urobilin  are  not  due  to  impuiities,  but  are  as  much  part  of  the 
spectrum  as  the  band  at  F.  Urohsematin,  and  its  difference  from 
hssmatoporphyrin  and  its  pathological  significance  are  discussed.  A 
simple  method  for  the  detection  of  indican  in  urine,  some  remarks  on 
uroerythrin,  on  a  peculiar  red  colouring-matter  in  pale  urine,  some- 
what like  urrhodin,  follow.  The  deductions  from  this  part  of  the 
paper  cannot  be  very  well  given  in  the  form  of  conclusions,  and 
are  therefore  scattered  throughout  the  paper. 

A  drawing  of  the  microscopic  structure  of  the  liver  of  LimoiX^ 
showing  the  enterochlorophyll  within  the  liver  cells,  and  maps  of  the 
most  important  absorption  spectra  described,  accompany  the  paper. 
All  readings  are  reduced  to  wave-lengths. 
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ApHl  12,  1883. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read :  — 

I.  **  The  Principal  Cause  of  the  Large  Errors  at  present  exist- 
ing between  the  Positions  of  the  Moon  deduced  from 
Hansen's  Tables  and  Observation :  and  the  Cause  of  an 
Apparent  Increase  in  the  Secular  Acceleration  in  the  Moon's 
Mean  Motion  required  by  Hansen's  Tables,  or  of  an  Appa- 
rent Change  in  the  Time  of  the  Earth's  Rotation."  By  E. 
J.  Stone,  F.R.S.,  Director  of  the  RadcUffe  Observatory, 
Oxford.    Received  April  3,  1883. 

(Abstract.) 

The  errors  in  the  Lnnar  Theory  have  been  traced  to  the  effects  of 
changes  in  the  unit  of  time,  which  have,  apparently  nnconscionsly, 
been  introdnced  from  time  to  time  into  astronomy,  with  changes  in 
the  adopted  data. 

The  argument  is  clearly  seen  by  a  consideration  of  the  different 
expressions  for  the  longitudes  of,  what  may  be  called,  the  mean  snn, 
which  have  been  adopted  for  the  determination  of  the  sidereal  times 
at  mean  noon. 

If  B,  H,  and  Y  denote  the  longitudes  of  the  mean  sun,  according 
to  Bessel,  Hansen,  and  Le  Verrier,  we  have  for  1850,  Jannary  1, 
Paris  mean  noon,  t. 

B=280°  46'  36"-12  + 1296027-618184  .  ^+0-000122180.'^ .  /f. 
H=280°  46'  43"-20+ 1296027-674055  .  ^+0-0001106850  .  t''. 
¥=280**  46'  43"-51  + 1296027-678400  .  <+ 0-0001107300  .  /». 

In  all  these  expressions  the  unit  of  time  has  been  stt^osed  to  be  a 
Julian  year  of  365*25  mean  solar  days. 

The  constant  differences  7"-08  and  7"-89  in  B— Hand  B—V  are 
not  unimportant,  for  they  introduce  abrupt  changes  in  the  record  of 
time ;  but  the  differences  in  the  coefficients  of  /  and  fi  show  that  the 
same  unit  of  time  cannot  have  been  adopted  in  these  expressions. 
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Tlie  measure  of  time  muBt  be  continaons,  let,  therefore,  1  and  (1+jj) 
be  the  unitB  in  B  and  H, 

then  1296027-618184 .  <-|- 0-0001221805  .  fi 

•  =1296027-674055  .  <(l+a;)-|- 0-0001106850  .  (^(l+x)^. 

If,  therefore,  n= 1296027*6 74055, 

0055871  .  0000114955  .  t 
aj=— + , 

;n  ft 

To  reconcile  B  and  H,  therefore,  x  mnst  contain  a  rariable  term. 
Similar  remarks  apply  to  the  difference  between  B  and  V. 

Now,  let  N  be  the  moon's  mean  motion  referred  to  1  as  the  nnit  of 
time,  and  (N  +  ^N)  the  moon's  mean  motion  referred  to  (l+«)  as 
the  nnit  of  time, 

then  (N  +  cN)(l-|-aj)=N, 

and 
t .  «N=i?^{0-055871 .  <-00000114955  . ^}=0"-747 . i-l"-54(jLY 

Bnt  Hansen  determined  his  mean  motion  of  the  moon  so  as  to 
force  an  agreement  between  his  theory  and  observations  reduced  with 
BessePs  unit  1 ;  and  his  tables,  therefore,  represented  the  observations 
well  for  many  years  whilst  1  was  adopted  as  the  unit  of  time ;  but 
directly  the  unit  of  time  was  changed  by  the  adoption  either  of  H  or 
Y,  then  the  effects  of  the  erroneous  determination  of  the  moon's  mean 
motion  by  Hansen  became  apparent.  The  change  of  error  in  longi- 
tude of  Hansen's  Lunar  Tables  between  1864,  when  Le  Verrier*a 
Solar  Tables  were  adopted  in  the  Nantical  Almanac,  and  1880 
amounts  to  more  than  10''. 

The  effect  of  the  chauge  of  nnit  is  also  shown  in  the  comparison  of 
Le  Verrier's  Solar  Tables  with  observation,  bnt,  of  course,  only  to 
about  the  thirteenth  part  of  the  amount  shown  by  the  Lunar  Tables. 

The  necessity  of  adopting  some  definite  unit  of  time,  by  fixing  the 
constants  in  the  expression  for  the  longitude  of  the  mean  sun,  is 
insisted  upon. 

If  Lo+nQ^+«Q<2  ig  tiie  expression  adopted  for  the  longitude  of  the 
mean  sun,  the  quantities  Lg,  nQ,  8q  must  never  be  changed.  The 
correction  £L,  which  from  time  to  time  may  appear  necessary  to 
obtain  the  mean  longitude  of  the  sun  from  the  longitude  of  the  mean 
sun,  mnst  not  be  allowed  to  change  the  adopted  values  of  I^  n^,  and 
8q,    The  true  longitude  of  the  son  will  then 

=Lq  -I-  Wq' + V* + ^L  +  Periodic  terms. 

It  would  appear  that  speculations  respecting  changes  in  the  time  of 
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rotation  of  the  earth  on  its  axis  are  at  least  premature,  until  the 
theories  have  been  revised  with  a  unit  of  time  freed  from  changes  of 
adopted  constants,  which  are  at  present  inextricably  mixed  up  with 
an  J  efiects  which  would  result  from  a  change  in  the  time  of  rotation 
of  the  earth  on  its  axis. 


II.  "  On  the  Atomic  Weight  of  Glucinum  (Beryllium)."  By  T. 
S.  HuMPiDGE,  PhJ).,  B.Sc.  Communicated  by  Professor 
Frankland,  F.R.S.    Received  March  20,  1883. 

(Abstract.) 

In  this  paper  the  author  shows  that  no  conclusions  with  respect  to 
the  atomic  weight  of  glucinum  can  be  drawn  from  analogy  of  its  com- 
pounds with  those  of  other  metals,  and  that  this  long-disputed  ques- 
tion can  only  be  decided  by  the  specific  heat  of  the  metal  or  by  the 
vapour-density  of  some  of  its  volatile  compounds.  Two  determina- 
tions of  the  specific  heat  have  been  made  by  Professor  E.  Reynolds 
and  by  M.  Nilson,  the  former  of  whom  obtained  a  result  of  about  0'6, 
and  the  latter  only  about  04.  The  probable  inaccuracies  in  Professor 
Reynolds'  apparatus  are  pointed  out,  and  it  is  shown  that  his  metal 
was  probably  impure. 

The  author  has  prepared  metallic  glucinum  from  the  chloride,  the 
vapour  of  which  was  passed  over  sodium  contained  in  iron  boats  in  a 
glass  tube.    A  metal  was  thus  obtained  which  had  the  composition : — 

Gl 93-97 

GI3O3 471 

Fe 1-32 

Si traces. 

100-00 

and  was  probably  the  purest  yet  prepared. 

The  specific  heat  was  determined  by  a  modification  of  Regnault's 
method  of  mixtures,  using  electrical  appliances  to  avoid  the  necessity 
of  an  assistant.  Three  determinations  of  the  specific  heat  of  silver  in 
water,  made  to  test  the  apparatus,  gave  the  following  results : — 

I 0-05677 

II 005568 

III 005553 

Mean 0*05600 

and  with  a  mean  error  of  1  per  cent.     The  specific  heat  of  metallic 
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glncinnm  was  determined  in  turpentine,  of  whicli  the  specifio  heat  was 
found  to  be  0*4231,  and  with  the  following  results : — 

I 0-4326 

II 0-4264 

in 0-4357 

Mean 0-4:^6 

and  with  a  mean  error  of  0*8  per  cent.  Making  a  correction  for  the 
impurities  contained  in  the  metal,  its  true  specific  heat  would  be 
0'4453,  whence  if  the  atomic  weight  is  13*65,  the  atomic  heat  becomes 
6*08.  This  must,  therefore,  be  the  true  atomic  weight,  and  not  two- 
thirds  of  this,  or  9'1. 

The  number  found  bjr  Nilson  was  somewhat  lower  than  this  (0*4079), 
and  the  above  results  may  be  slightly  too  'high,  firstly  from  hygroscopic 
moisture,  and  secondly  from  heat  produced  when  the  liquid  was  absorbed 
by  the  porous  metal.  About  0*66  gramme  of  the  metal  was  used  for 
the  determinations,  and  it  was  compressed  to  a  compact  disk  in  a  steel 
mortar. 

The  author  is  continuing  the  research. 


III.  "  On  a  New  Crinoid  from  the  Southern  Sea."  By  P. 
Herbert  Carpenter,  M.A.,  Assistant  Master  at  Eton  Col- 
lege. Communicated  by  W.  B.  Carpenter,  C.B.,  M.D., 
F.R.S.    Received  March  15,  1 883. 

(Abstract.) 

Among  the  collections  of  the  late  Sir  Wyville  Thomson,  a  small 
Comatula  has  recently  been  discovered  which  was  dredged  by  the 
"Challenger"  at  a  depth  of  1,800  fathoms  in  the  Southern  Sea, 
Although  it  is  unusually  small,  the  diameter  of  the  calyx  being  only 
2  millims.,  the  characters  presented  by  this  form  are  such  as  to  render 
it  by  far  the  most  remarkable  among  all  the  types  of  recent  Grinoids, 
whether  stalked  or  free.  The  name  proposed  for  it  is  Thauniatoerinus 
renovatta. 

It  has  only  five  arms,  and  in  this  respect  resembles  Eudiocrinus. 
But  the  basals,  instead  of  becoming  transformed  into  a  rosette  as  in 
that  genus,  persist  on  the  exterior  of  the  calyx  and  form  a  closed  ring 
of  relatively  large  plates,  which  rest  upon  the  centrodorsal.  They 
support  a  ring  of  ten  plates,  five  of  which,  alternating  with  the 
basals,  bear  the  arms  and  are  therefore  the  radials.  These  radials. 
however,  do  not  meet  one  another  laterally ;  for  they  alternate  with 
five  plates  slightly  smaller  than  themselves,  which  rest  upon  the 
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basals,  and,  with  one  exception,  terminate  in  a  free  edge  at  tlie  margin 
of  the  disk.  The  exception  is  tbe  interradial  of  the  anal  side,  which 
bears  a  short  and  tapering  armlike  appendage  of  five  or  six  joints.  It 
has  no  special  relation  to  the  anal  tnbe,  the  lower  part  of  which,  like 
the  peripheral  portion  of  the  disk,  bears  a  pavement  of  anambnlacral 
plates.  But  the  centre  of  the  disk  is  occapied  by  a  relatively  large 
and  substantial  oral  pyramid,  so  that  the  disk  in  its  general  aspect 
resembles  that  of  Hyocrinus, 

Thaumatocrinus  is  thus  distinguished  by  four  striking  pecnli- 
arities  : — 

(1.)  The  presence  of  a  closed  ring  of  basals  npon  the  exterior  of 
the  calyx. 

(2.)  The  persistence  of  the  oral  plates  of  the  larva,  as  in  Hyocrviius 
and  Rhizocrinus. 

(3.)  The  separation  of  the  primary  radials  by  interradials  which  rest 
on  the  basals. 

(4.)  The  presence  of  an  arm-like  appendage  on  the  interradial  plate 
of  the  anal  side. 

Taking  these  in  order — 

(1.)  No  adnlt  Comatxda^  except  the  recent  Aielecrinus  and  some 
litiJe  known  fossils,  has  a  closed  ring  of  basals ;  and  even  in  Atele- 
crimes  they  are  quite  small  and  insignificant. 

(2.)  In  all  recent  Gom(UuUBy  in  the  Pentacrtnidce  and  in  Bathycrinu.^, 
the  oral  plates  of  the  larva  become  resorbed  as  matarity  is  ap- 
proached. In  ThaumaiocrivuSf  however,  they  are  retained,  as  in 
HyocrinuSt  BhuocrimiSy  and  Holopus^  representatives  of  three  different 
families  of  Neocrinoids. 

(3.)  There  is  no  Neocrinoid,  either  stalked  or  free,  in  which  the 
primary  radials  remain  permanently  sepaiuted  as  they  are  in  Thauma' 
tocrinus,  and  for  a  short  time  after  their  first  appearance  in  the  larva 
of  ordinary  Crinoids.  The  only  Palsdocrinoids  presenting  this  feature 
are  certain  of  the  Rhodocrmidce  (as  understood  by  Wachsmuth  and 
Springer),  e.^.,  Beteocrinui,  Bhodocrinus,  Thylacocrinus,  Ac.  In  the 
two  latter,  and  in  the  other  genera  which  have  been  grouped  together 
with  them  into  the  section  Bhodocriniles  (W.  and  S.),  there  is  a 
single  interradial  intervening  between  every  two  radials,  and  resting 
on  a  basal  just  as  in  Thaumatocnnus.  Bat  in  the  Lower  Silurian 
Beteoerinus  (of  Bilh'ngs;  emend  W.  and  S.)  the  interradial  areas 
contain  a  large  number  of  minute  pieces  of  irregular  form  and 
arrangement. 

(4.)  It  is  only,  however,  in  Beteocrinm,  and  in  the  allied  genus 
XenocrinuSf  Miller,  which  is  also  of  Lower  Silurian  age,*  that  an  anal 
appendage  similar  to  that  of  Thaumatocrinufi  is  to  be  met  with. 

•  Refeocrinus  oootm  in  the  Trenton  Limestone  of  Ottawa  and  in  the  Hudson 
River  Group  of  Indiana  and  Ohio.    Xenoerinus  hoe  as  yet  been  found  in  the  latter 
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Of  tlie  four  distingnishiDg  characters  of  TkaumaioerinuSy  therefore, 
one  appears  in  one  or  perliaps  in  two  genera  of  Gomatulm  ;  another  is 
not  to  be  met  with  in  any  Gomaiula^  thongh  occurring  in  certain, 
stalked  Crinoids ;  while  the  two  remaining  characters  are  limited  to 
one  family  of  the  PalflBOcrinoids,  one  of  them  being  peculiar  to 
one,  or  at  most  two  genera,  which  are  confined  to  the  Lower  Siloriaa 
rocks. 

Their  reappearance  in  such  a  specialized  type  as  a  recent  Gomatula 
is,  therefore,  all  the  more  striking. 


IV.  "  On  the  Structure  and  Functions  of  the  Eyes  of  Arthro- 
poda."  By  B.  Thompson  Lowne,  F.R.C.S.,  Lecturer  on  Phy- 
siology in  the  Middlesex  Hospital  Medical  School,  Examiner 
in  Physiology  in  the  Royal  College  of  Surgeons,  formerly 
Arris  and  Gale  Lecturer  on  Anatomy  and  Physiology  in 
the  Royal  College  of  Surgeona  Communicated  by  Professor 
Flower,  F.R.S.    Received  March  30,  188a 

(Abstract.) 

Three  distinct  forms  of  eye  exist  in  the  Arthropoda ;  the  Compound 
eye.  the  Simple  Ocellus,  and  the  less  known  Componnd  Ocellus, 
common  in  larval  insects,  first  described  by  Dr.  Landois. 

The  relationship  of  the  Compound  eye  to  the  Simple  Ocellus  is  shown 
to  be  very  distant,  although  I  believe  that  these  two  types  have  been 
evolved  from  a  common  but  very  rudimentary  primitive  type.  On  the 
other  hand,  that  between  the  Compound  eye  and  the  Compound 
Ocellus  of  a  larval  insect,  is  very  closOy  the  Compound  eye  being 
merely  an  aggregation  of  a  great  number  of  these  ocelli,  variously 
modified  in  the  more  highly  differentiated  Insects  and  Crustaceans.  A 
fourth  form  of  eye  exists,  in  which  the  Ocelli  are  less  closely  united  ; 
this  forms  a  connecting  link  between  the  compound  eye  and  the 
compound  ocellus.  It  is  found  in  the  Isopods,  and  may  be  conveniently 
termed  the  Aggregate  eye. 

The  Simple  Ocellus  consists  essentially  of  a  pigmented  capsule, 
behind  a.  convex  corneal  lens,  containing  a  cellular  vitreous,  which 
is  separated  from  the  retina  by  a  fine  fibrous  membrane.  The 
retina  itself  is  a  layer  of  Bacilla,  comparable  with  those  of  Jacob's 
membrane  in  the  Vertebrate,  except  that  the  highly  refractive  outer 
segments  of  the  rods  are  turned  towards  and  not  away  from  the 
refractive  media.     The  fibrous  membrane,  between  the  rods  and  the 

group  only.    I  cannot  help  sospecting  that  a  better  knowledge  of  this  type  will  lead 
to  it«  absorption  into  Reteocrinut,  —P.  H.  C. 
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vitreouR,  is  attached  aronnd  its  periphery  to  a  stmcture  which  bears  a 
Btrong  resemblance  to  a  ciliary  mnscle.  This  is  enclosed  in  a  ring-like 
sinus,  which  surronnds  the  ocellus  almost  as  the  canal  of  Petit 
runs  round  the  lens  of  a  Vertebrate.  The  vitreous  is  composed  of  a 
single  layer  of  cuboid  or  prismatic  cells,  each  with  a  nucleus  near  its 
inner  extremity.  These  cells  extend  from  the  inner  surface  of  the 
corneal  lens  to  the  outer  surface  of  the  fibrous  membrane. 

The  Compound  eye  has  a  lenticular  cornea  beneath  which  the 
crystalline  cones  and  great  rods  are  placed.  These  are  separated  from 
the  deeper  nervous  structures  by  a  membrane  comparable  with  the 
fibrous  membrane  of  the  Simple  Ocellus ;  I  have  named  this  membrane 
the  Mefnibraiia  BasUaris, 

The  Membrana  Basilaris  is  usually  attached  to  the  Cornea  by  an 
inflected  ring  of  int^^ment,  the  Scleral  Bin^y  so  that  the  Crystalline 
Cones  and  the  Great  Bods  are  entirely  enclosed  in  a  case.  I  have 
called  all  these  structures  the  Dioptroriy  and  have  come  to  the 
conclusion  that  they  are  all  Dioptric  in  fanction.  They  apparently 
correspond  to  the  Cornea,  Vitreous  and  Fibrous  membrane  of  the 
Simple  Ocellus. 

The  Membrana  Basilaris,  like  the  fibrous  membrane,  has  a  sinus 
around  its  periphery,  and  is  connected  with  the  inflected  integu- 
mentary ring  by  fibres,  which  have  a  disposition  similar  to  those  of  a 
ciliary  muscle. 

The  Dioptron  is  nourished  by  Lymph  Sinuses,  which  carry  the 
circulating  fluid  from  the  Aorta*  into  the  interior  of  the  Diopti*on  and 
permit  its  exit  into  the  common  lymph  spaces  of  the  head. 

Beneath  the  Dioptron  is  a  nervous  structure  of  great  complexity ; 
this  I  have  named  the  Neuron. 

The  Neuron  consists  of  a  Retina,  an  Optic  Nerve,  and  an  Optic 
Ganglion. 

The  Retina  is  essentially  a  layer  of  rod-like  bodies,  Bacilla,  sup- 
ported by  a  delicate  Nearoglia.  The  Bacilla  are  similar  to  the  rods 
and  cones  of  a  Vertebrate  in  size,  in  form,  and  in  structure,  each  has 
an  outer  highly  refractive,  and  an  inner  protoplasmic  segment.  In 
some  cases  the  outer  Qegment  is  double,  like  that  of  the  twin  cones  of 
fishes.  In  other  specimens  I  have  detected  a  Lenticulus  between  the 
segments.  As  ip  the  Simple  eye  the  highly  refractive  segments  are 
turned  towards  the  Dioptric  media. 

A  layer  of  cells  has  been  also  demonstrated  between  the  Basilar 
membrane  and  Bacilla ;  these  in  the  majority  of  insects  send  pigmented 
fringes  inward,  between  the  outer  segments  of  the  Bacilla.  The 
fringes  are  wanting  in  the  diurnal  flies,  they  represent  the  pigment 
layer  of  the  Vertebrate  retina. 

I  have  spoken  of  the  parts  which  underlie  a  single  corneal 
*  I  hare  so  designated  the  anterior  extremity  of  the  dorsal  vessel. 
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LenticnltiB  as  a  segment  of  the  Dioptron.  In  many  insects,  especiallj 
in  the  larked,  each  segment  has  a  distinct  Betinnla,  consisting  of  a 
small  bnndle  of  BaciUa,  which  is  connected  with  the  ganglion  by  a 
distinct  nerve  enclosed  in  a  separate  pigmented  sheath.  I  hare 
named  this  form  of  retina  Segregate.  In  other  insects  the  retina  is 
continnons  over  the  inner  snrface  of  the  Basilar  membrane,  but  is 
connected  with  the  deeper  structures  by  a  number  of  separate  nerve 
bundles;  whilst  in  the  most  highly  developed  Insects,  a  single 
decussating  nerve  connects  a  continuous  retina  with  the  ganglion. 
The  ganglion  consists  of  several  nuclear  and  molecular  layers,  which 
are  extremely  like  tke  corresponding  layers  of  the  retina  of  a 
Vertebrate. 

All  the  structures  of  the  Dioptron  are  developed  tram  the  cellular 
Hypoderm,  whilst  all  the  structures  of  the  Neuron  are  formed  from  a 
solid  papilla,  or  from  a  number  of  papillsB  which  are  outgrowths 
from  the  Cephalic  Ganglia,  so  that  in  this  respect  there  is  ground  for 
a  morphological  comparison  of  the  Dioptron  with  the  dioptric  struc- 
tures, and  of  the  Neuron  with  the  nervous  structures  of  the  eye  of  a 
Vertebrate. 

The  Compound  Ocellus  of  the  larval  insect  is  merely  a  sin^lo 
segment  of  a  ccHUpound  eye,  with  all  the  apparatus  of  the  Dioptron 
and  Neuron.  I  have  used  the  term  compound  in  relation  to  the 
refractive  apparatus.  The  Neuron  consists  of  a  single  bundle  of 
Bacilla  connected  with  the  ganglion  by  a  separate  nerve  bundle. 

For  several  years  I  sought  in  vain  for  an  explanation  of  the 
manner  in  which  the  compound  eye  could  serve  the  purpose  of 
vision.  I  discarded  all  the  theories  hitherto  advanced,  as  being 
defective,  and  incapable  of  explaining  the  phenomena,  consistently 
with  the  structure  of  the  Great  Bods. 

Two  years  ago,  whilst  examining  the  recent  eye  of  a  small  moth 
(Pterophortu),  1  was  surprised  to  observe  that  the  structure  of  the  Great 
Rods  was  very  different  to  anything  with  which  I  had  previously  been 
acquainted.  The  inner  extremities  of  the  Ghreat  Bods  have  been 
named  Spindles,  and  are  well  known  to  present  a  very  remarkable 
structure. 

I  first  observed,  in  this  moth,  that  the  Spindles  are,  during  li^, 
large  ovoid  bodies,  filled  with  transparent  highly  refractive  fluid ;  the 
slightest  injury  gave  rise  to  the  escape  of  the  fluid  and  left  the 
Spindles  in  a  shrivelled  condition,  the  usual  appearance  of  these 
bodies. 

A  farther  investigation  has  shown  me  that  all  compound  eyes  when 
uninjured  have  similar  ovoid  Spindles.  These  organs  appear  to  act 
as  magnifying  and  erecting  lenses.  Their  anterior  foci  correspond 
to  the  position  of  the  subcorneal  images,  and  the  posterior  foci  with 
the  Bacillar  layer  of  the  retina. 
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It  is  well  known  that  if  an  object-glass  is  placed  in  the  reversed 
position  beneath  the  stage  of  a  microsoope,  and  the  instrument 
is  then  focassed  for  its  posterior  focal  plane,  it  can  be  used  as 
ft  telescope.  I  regard  the  Dioptron  as  an  aggregation  of  similar 
optical  arrangements ;  the  Corneal  lens  corresponds  to  the  inverted 
objective,  and  the  Spindle  to  the  microscope. 

I  have  made  and  given  a  series  of  measurements  of  the  parts  of  an 
insect's  eye  in  support  of fthis  view ;  the  focal  lengths  of  the  corneal 
lenses,  those  of  the  spindles,  and  their  relative  distances,  from  each 
other,  as  well  as  the  number  and  size  of  the  corneal  images  are  con- 
sistent with  this  ^eory.  Therefore  a  continuous  picture,  a  mosaic  of 
ered  magnified  central  portions  of  the  several  subcorneal  images,  falls  upon 
the  retina,  and  the  sharpness  of  vision  is  not  necessarily  dependent  on 
the  number  of  corneal  facets. 

The  complex  modifications  of  the  Dioptron  appeared  at  first  in 
many  cases  to  offer  insuperable  objections  to  this  view,  and  this 
necessitated  a  very  careful  reinvestigation  of  these  structures,  more 
especially  in  relation  to  th^  changes  which  they  undergo  in  the  pre- 
paration of  sections  for  microscopic  observation.' 

These  researches  have  shown  that  many  of  the  modifications 
observed  are  due  to  differences  in  the  nature  of  the  material  of  which 
the  refractive  elements  are  composed,  not  only  in  different  genera 
and  families,  but  even  in  the  same  species  in*  different  stages  of 
development. 

In  many  cases  the  refractive  media  consist  of  an  oil-like  fluid, 
which  is  decomposed  or  dissolved  in  the  process  of  preparing  the 
object  for  microscopic  examination;  in  other  cases  the  media 
consist  in  part  at  least  of  practically  indestructible  Chitin.  And 
further  the  great  elasticity  of  the  parts  gives  rise  to  profound  modifi- 
cations the  result  of  alterations  of  tension. 

In  the  first,  or  introductory  portion  of  my  paper,  I  have  reviewed 
the  work  of  my  predecessors  with  the  object  of  showing  the  relation 
of  previous  observations  to  the  theory  which  I  have  enunciated.  The 
remainder  of  my  communication  is  divided  into  four  parts. 

I.  The  Structure  and  Functions  of  the  Dioptron. 

H.  The  Structure  and  Functions  of  the  Neuron. 

HI.  The  Development  of  the  Compound  Eye. 

IV.  The  Morphology  of  the  Eyes  of  Arthropods. 

I.  The  Structure  and  Functions  of  the  Dioptron, 
In  this  portion  of  my  paper  the  structure  of  the  Dioptron  is 
described,  and  its  relation  to  the  views  I  have  adopted  is  discussed. 

Perhaps  the  most  important  additions  to  our  knowledge  of  this , 
organ  has  been  the  discovery  of  the  very  important  part  played  by 
the  oil-like  fluid  already  alluded  to.     This  fluid  is  easily  decomposed, 
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and  resolved  into  a  reddish  grannlar  precipitate  and  a  transparent 
fluid,  which  mixes  readily  with  wat^r  and  saline  solutions ;  it  is 
blackened  by  osmic  acid,  and  rapidly  dissolved  by  ether,  oil  of  oloves, 
and,  though  less  rapidly,  by  alcohol. 

A  subcorneal  lens  has  long  been  recognised  in  the  eyes  of  Isopods, 
and  has  been  regarded  as  a  modifled  crystalline  cone.  Muller  believed 
a  similar  lens  to  be  present  in  the  compound  eyes  of  some  insects. 
Of  late  this  lens  has  been  overlooked ;  I  ha^e,  however,  found  that  it 
really  exists  in  the  majority  of  Arthropods.  It  consists  of  the 
oil-like  fluid  just  spoken  of,  enclosed  in  an  elastic  capsule.  It  gives 
the  Cornea  the  peculiar  brilliancy  which  it  posseses  during  life.  The 
fluid  contents  of  the  lens  is  permeated  by  a  more  or  less  dense  stroma, 
which,  when  the  oil  is  rapidly  dissolved,  by  reagents,  splits  into  four 
parts.  These  are  the  bodies  described  by  Claparede  as  '*  Semper^s 
nucleV* 

In  some  insects  the  lens  can  be  isolated,  and  its  capsule  can  then 
be  ruptured  by  pressure  on  the  thin  cover-glass,  so  that  the  escape  of 
the  fluid  can  be  actually  observed.  The  empty  capsules  are  then 
seen  to  be  finely  wrinkled,  and  usually  torn  by  a  single  fissure. 

In  some  insects  the  lens  is  developed  from  the  cornea,  in  others 
from  the  outer  portion  of  the  crystalline  cone. 

The  Spindles  of  the  Great  Rods  also  consist  chiefly  of  the  same 
refractive  fluid,  hence  the  profound  modifications  which  they  undergo 
when  disturbed  for  purposes  of  investigation,  or  even  as  the  result  of 
post  mortem  change. 

The  formation  of  a  subcorneal  image  as  well  as  that  of  an  erect 
image  on  the  retina  is  discussed  in  this  part  of  my  paper,  and  the 
theory  is  shown  by  measurements  to  be  in  harmony  with  the  actual 
conditions  which  have  been  observed. 

The  remainder  of  this  part  of  my  paper  is  occupied  by  a  consider- 
ation of  the  principal  modifications  of  the  Dioptron. 

I  have  recognised  four  distinct  modifications  of  the  Cornea,  three 
of  which  exist  in  different  stages  of  development  in  the  cockroach. 
I  have  named  these  modifications, 

I.  Simple  Continuous  Cornea. 

II.  The  Facetted  Cornea. 

III.  The  Kistoid  Cornea. 

The  fourth  modification  is  apparently  confined,  amongst  insects, 
to  the  imago  condition  in  the  Gnats ;  in  these  the  cornea  ^consists  of 
the  crystalline  cones  of  the  nymph  united  to  each  other  by  a  thin 
cuticular  lamina.  I  have  used  the  term  lenticular  to  distinguish  this 
form  of  cornea. 

I  have  incorporated  such  knowledge  as  I  have  been  able  to  glean 
with  regard  to  the  development  of  the  cornea  and  subcorneal  lens 
with  this  section  of  my  paper. 
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The  nature  and  modifications  of  the  Crystalline  Cone  are  next 
described;  these  afford  an  ezceedinglj  difficult  problem,  on  which 
further  work  will  andonbtedlj  throw  mnch  light,  especiallj  in  rela- 
tion to  the  morphology  of  this  organ.  Some  details  with  regard  to 
iKe  stmctore  of  the  Great  Rods  are  also  added,  which  did  not  find  a 
place  in  the  genend  description  of  the  Dloptron. 

n.  The  Anatomy  and  Funciiom  of  the  Neuron. 

The  Nearon  consists  of  three  parts — the  Retina,  the  Optic  Nerve, 
and  the  Optic  Ganglion.  The  minute  stmcture  of  these  parts  is 
fully  described  in  this  portion  of  my  paper.  The  relation  of  the 
nerve  fibres  to  the  Bacilla  and  the  Great  Rods  is  also  discussed.  The 
optic  ganglion  consists  of  parts  which  are  clearly  comparable  with 
the  nuclear  and  molecular  layers  of  the  Vertebrate  retina. 

III.  The  Development  of  the  Compound  Eye, 

The  manner  in  which  the  Dioptron  originates  in  the  Hypoderm  of 
the  insect,  as  well  as  the  nature  and  origin  of  the  "  Imaginal  Disks,'* 
from  which  this  structure  is  sometimes  formed,  is  described.  The 
development  of  the  Neuron  from  the  nerve-centres  of  the  head 
presents  features  of  extreme  interest  and  importance,  especially  in 
relation  to  the  phenomena  of  Ecdysis.  The  segregate  retina  of  many 
larv»  is  entirely  replaced  at  the  final  Ecdysis  by  a  newly  formed 
retina,  which  is  continuous,  so  that  it  appears  as  if  a  kind  of 
internal  Ecdysis  affecting  the  epithelial  elements  of  the  nervous 
system  occurs  with  the  general  integnmental  Ecdysis. 

rV.  The  Morphology  of  the  Eyes  of  Arihropods. 

The  final  section  of  my  paper  is  a  short  rdsumS  of  the  Morpholo- 
gical relations  of  the  different  forms  of  Arthropod  eye.  These  have 
been  already  alluded  to  in  the  commencement  of  this  Abstract. 


V.  **  Introductory  Note  on  Commnnications  to  be  presented  on 
the  Physiology  of  the  Carbohydrates  in  the  Animal  System." 
By  F.  W.  Pavy,  M.D.,  F.R.S.    Received  April  5,  1883. 

My  last  conmiunication  ("  Proc.  Roy.  Soc.,"  vol.  32,  p.  418)  was 
entitied  '*A  new  Line  of  Research  bearing  on  the  Physiology  of 
Sugar  in  the  Animal  System." 

During  the  time  which  has  since  elapsed,  I  have  been  actively 
continuing  my  investigations  in  the  direction  started,  and  the  results 
obtained  give  an  entirely  new  aspect  to  the  whole  subject  of  the 
physiology  of  the  carbohydrates  in  the  animal  system. 
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Modem  research  has  sliown  that,  besides  the  well-known  carbo- 
hydrate principles  such  as  sngar,  Ac,  there  are  several  dextrine 
distinguishable  by  their  optical  properties  and  their  cupric  oxide 
reducing  power. 

From  the  colloidal  principle  starch,  which  has  no  cupric  oxide 
reducing  power,  principles  (dextrins)  are  producible  by  the  action  of 
ferments  possessing  gradually  increasing  cupric  oxide  reducing  power 
until  maltose  is  reached,  which  constitutes  the  final  product,  and 
which  possess  a  little  more  than  half  the  cupric  oxide  reducing  power 
of  glucose. 

This  is  one  foundation  point  connected  with  the  researches  I  have 
been  conducting  upon  the  physiology  of  the  carbohydrates  in  the 
animal  system. 

The  other  foundation  point  is  that  the  various  members  of  the  carbo- 
hydrate group  are  brought  into  glucose  by  the  agency  of  sulphuric 
acid  and  heat. 

Proceeding  upon  these  facts,  and  taking  the  cupric  oxide  reducing 
power  before  and  after  subjection  to  the  converting  action  of  sulphuric 
ncid  and  heat,  1  have  prosecuted  investigations  upon  the  transfor- 
Tuation  of  the  carbohydrates  within  the  animal  system  with  the 
result  of  acquiring  knowledge  of  an  altogether  unexpected  nature. 

Hitherto  what  has  been  observed  as  regards  the  transformation  of 
carbohydrates  by  the  action  of  ferments  and  chemical  agents,  has 
been  a  change  attended  with  increased  hydration — for  example,  the 
passage  of  starch  into  the  successive  forms  of  dextrin  and  maltose 
and  cane-sugar  into  glucose. 

The  issue  of  the  researches,  however,  which  I  have  been  con- 
ducting recently  is  to  demonstrate  the  passage  of  carbohydrates 
exactly  in  the  opposite  direction  by  the  action  of  certain  fermenta 
existing  within  the  animal  system. 

Alike  in  the  alimentary  canal,  the  circulatory  system  and  the  liver, 
the  conditions  exist  by  which  this  kind  of  transformation  is  effected. 

From  the  mucous  membrane  of  the  alimentary  canal  a  ferment  is 
obtainable  which  converts  (1)  glucose  into  a  body  possessing  the 
same  kind  of  cupric  oxide  reducing  power  as  maltose;  (2)  cane- 
sugar  into  maltose,  and  not  glucose  as  formerly  asserted;  and  (3) 
starch  either  into  maltose  or  a  dextrin  of  low  cupric  oxide  reducing 
power. 

The  presence  of  carbonate  of  soda  modifies  the  action  of  a  maltose- 
forming  ferment,  and  leads  to  starch  passing  into  a  dextrin  of  low 
cupric  oxide  reducing  power  instead  of  into  maltose. 

The  portal  blood  contains  a  ferment  which  possesses  a  maltose  or 
a  dextrin-producing  power,  and  the  contents  of  the  portal  system 
during  digestion  are  charged  with  a  notable  amount  of  maltose  some- 
times, and  at  other  times  a  low  cupric  oxide  reducing  dextrin. 
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A/ler  tbe  introdnction  of  glucose  into  the  circalatorj  system,  I  have 
observed  tbe  presence  of  maltose, 

Tbe  liver  also  contains  a  ferment  capable,  under  certain  conditions, 
of  carrying  glucose  into  maltose,  and  I  bave  furtber  witnessed,  by  tbe 
same  kind  of  action  as  tbe  sugars  and  dextrins  are  moved  from 
one  to  tbe  otber,  tbe  conversion  of  a  carbobydrate  into  tbe  colloidal 
material  belonging  to  tbe  animal  system  (glycogen)  wbicb  bolds  tbe 
analogous  position  of  starcb  in  tbe  vegetable  kingdom. 

Evidence  bas  likewise  been  supplied  tbat  by  an  action  of  tbe  same 
nature  as  tbat  wbicb  moves  tbe  ciirbobydrates  from  one  to  tbe  otber 
in  tbe  carbobydrate  group,  tbey  are,  under  certain  conditions,  carried 
into  a  body  out  of  tbe  group,  and  tbence  not  susceptible  of  being 
brougbt  into  glucose  by  tbe  converting  action  of  sulpburic  acid  ;  and, 
on  tbe  otber  band,  under  otber  conditions,  a  substance  is  brougbt  into 
tbe  carbobydrate  group,  and  its  nature  made  recognisable  by  tbe  con-^ 
verting  action  of  sulpburic  acid  and  its  cupric  oxide  reducing  power. 

Tbe  subject  as  it  even  now  presents  itself  is  a  large  one,  and  1 
propose  to  deal  witb  it  in  detail  in  a  series  of  communications.  Tbe 
first  will  be  devoted  to  tbat  wbicb  refers  to  tbe  alimentary  canal. 
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AfHl  19, 1883. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  f ollowin|2^  Paper  was  read : — 

I.  "  Measuremente  of  the  Wave-lengths  of  Rays  of  High  Re- 
frangibiUty  in  the  Spectra  of  Elementary  Substances."  By 
W.  N.  Hartley,  F.R.S.E.,  &c.,  ProfesBor  of  CJhemistry, 
Royal  College  of  Science,  Dublin,  and  W.  E.  Adeney,  F-C.S., 
Associate  of  the  Royal  College  of  Science.  Communicated 
by  Professor  G.  G.  Stokes,  Sec.  R.S.  Received  March  20, 
1888. 

(Abstract.) 

The  authors  describe  a  method  of  taking  photographs  of  diffraction 
spectra  produced  by  a  small  Rutherfnrd  speculum  ruled  with  17,460 
lines  to  the  inch.  The  lines  in  the  spectra  were  accurately  measured 
by  the  aid  of  a  microscope  magnifying  25  diameters  and  a  dividing 
engine. 

The  length  of  the  spectra  which  were  taken  on  three  different  plates 
was  14  to  15  inches,  and  the  measurements  were  accurate  to  the  ^^^^^th 
of  an  inch.  From  these  measurements  the  wave-lengths  of  the  lines 
were  calculated.  The  spectra  include  lines  with  wave-lengths  4674 
and  2024.  They  were  produced  by  electric  sparks  condensed  by  a 
pane  of  glass  coated  with  tin-foil. 

Of  the  electrodes  used,  one  always  consisted  of  cadmium,  the  other 
of  the  metal  or  the  solution  of  the  metal,  er  other  elementary 
substance,  the  wave-lengths  of  the  lines  of  which  was  to  be  determined  ; 
thus  all  the  spectra  were  referable  to  the  cadmium  lines.  Great 
accuracy  is  attainable  by  this  method,  and  lines  wbich  have  appeared 
identical  or  coincident  in  two  different  spectra,  have  thus  been  proved 
to  differ  in  refrangihility. 

All  the  spectra  were  compared  with  spectra  obtained  with  the  prism 
spectroscope  described  by  one  of  the  authors  in  the  **  Scientific 
Proceedings  of  the  Royal  Dublin  Society,"  vol.  iii.  Part  III,  April, 
1881. 

Great  care  was  exercised  in  taking  the  photogfraphs,  lest  any 
irregularity  in  the  surface  of  the  plates  should  lead  to  inaccurate 
measurements.     Gelatine  films  on  specially  selected  patent  plate  glass 
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were  used,  and  such  a  precaution  is  quite  necessary.  The  photographs 
were  not  varnished.  A  certain  number  of  lines  measured  bj  previous 
observers  have  been  compared  with  the  new  measurements.  Taking 
the  numbers  given  by  Thal^n,  Lecoq  de  Boisbaudran,  and  Comu  for 
150  lines  in  the  spectra  of  magnesium,  zinc,  cadmium,  aluminium, 
indium,  thallium,  iron,  SoCy  a  close  agreement  with  their  measurements 
affords  satisfactory  evidence  of  the  accuracy  of  these  determinations. 
Besides  the  wave-leogth,  a  very  careful  description  of  the  appearance 
of  each  line  is  given,  together  with  its  linear  measurement  indicating 
its  position  on  a  series  of  photographs  obtained  with  the  prism 
spectroscope,  which  series  of  photographs  is  presented  with  the  paper. 
A  distinction  is  drawn  between  those  lines  determined  dii*ectly  with 
the  grating  and  others  too  fiaint  to  be  seen  on  diffraction  photographs, 
which  were  measured  by  the  aid  of  the  prism  spectroscope  and  an 
interpolation  curve  9\  metres  in  length.  The  total  number  of  lines 
measured  and  described  is  2307,  namely : — Magnesium,  42 ;  zinc,  151 ; 
cadmium,  141 ;  aluminium,  30 ;  indium,  104 ;  thallium,  70 ;  copper, 
164;  silver,  124 ;  mercury,  80  ;  carbon,  20  ;  tin,  129  ;  lead,  86  ; 
teUurium,  322  ;  arsenic,  112 ;  antimony,  211 ;  bismuth,  156  ;  air,  215 ; 
and  iron,  150. 

A  series  of  eighteen  enlarged  photographs,  36  inches  in  length,  are 
presented  with  the  paper,  on  which  each  line  has  its  wave-length 
written  over  it. 


II.  «  On  the  Limiting  Thickness  of  Liquid  Films."  By  A.  W. 
ReinoLD,  M.A.,  Professor  of  Physics  in  the  Royal  Naval 
College,  Greenwich,  and  A.  W.  Ruoker,  M.A.,  Professor  of 
Physics  in  the  Yorkshire  College,  Leeds.  Received  March  6, 
18«3. 

(Abstract.) 

The  previous  investigations  of  the  authors  have  shown  that  the 
specific  electrical  resistance  of  a  soap  film  thicker  than  374  X  10'^ 
mm.  is  independent  of  the  thickness,  and  that  the  compoKition  of 
films  formed  of  M.  Plateau's  "  liquide  glyc^rique "  may  be  largely 
altered  by  the  absorption  or  evaporation  of  aqueous  vapour  which 
attends  even  slight  changes  in  the  temperature  or  hygrometric  state 
of  the  air  ("Phil.  Trans.,*'  Part  II,  1881,  p.  447). 

In  the  present  paper  they  describe  a  modified  form  of  the  apparatus 
which  they  previously  employed.  The  glass  case  in  which  the  films 
are  produced  is  surrounded  by  water,  and  additional  precautions  are 
adopted  for  maintaining  the  aqueous  vapour  within  it  at  the  tension 
proper  to  the  liquid  of  which  the  films  are  formed.     These  changes 


Digitized  by  CjOO^IC 


150 


On  the  Limiting  Thickness  of  Liquid  Fihns.     [Apr.  19, 


have  entailed  considerable  alterations  in  details,  but  the  main  features 
of  the  apparatus  remain  unaltered.  The  new  form,  however, 
possesses  the  important  advantage  that  the  temperature  and  hjgro- 
metric  state  of  the  air  in  contact  with  the  films  can  be  kept  perfectly 
constant  during  the  progress  of  the  experiments.  With  this  ap- 
paratus a  number  of  measures  have  been  made  of  the  electrical 
resistance  of  films  which  have  thinned  sufficiently  to  show  the  black 
of  the  first  order  of  Newton's  rings.  The  chief  interest  of  these  lies 
in  the  information  which  they  afford  as  to  the  thickness  of  such  films. 
To  deduce  the  thickness  from  the  resistance,  it  is  necessary  to  assume 
that  the  specific  resistance  of  the  films  is  the  same  as  that  of  the  liquid 
in  mass.  The  authors*  previous  experiments  do  not  enable  them  to 
assert  the  truth  of  this  assumption  for  such  thin  films,  and  it  was 
therefore  impoi'tant  to  ascertain  by  an  independent  method  whether  it 
might  be  taken  as  approximately  true. 

For  this  purpose  between  50  and  60  plane  films  were  formed  in  a 
glass  tube  400  mm.  long,  and  18  mm.  in  internal  diameter.  The 
tube  was  closed  by  pieces  of  plate  glass,  and  placed  in  the  path  of 
one  of  the  interfering  rays  in  a  Jamin*s  "  interferential  refractoraeter.*' 
When  the  films  had  become  black,  a  known  number  were  broken  by 
bringing  an  electromagnet  near  to  the  tube,  and  thus  moving  some 
sewing  needles,  which  had  been  enclosed  along  with  the  films.  The 
mean  thickness  of  the  films  was  ded  aced  from  the  displacement  of  the 
interference  "  fringes  "  caused  by  their  rupture.  For  reasons  given  in 
the  paper  two  tubes  were  used.  One  was  placed  in  the  path  of  each 
of  the  interfering  rays,  and  the  mean  of  the  values  obtained  by 
breaking  the  films  in  each  tube  in  turn  was  taken  as  the  result  of  the 
experiment. 

Two  liquids  were  observed,  viz.,  M.  Plateau's  **  liquide  glycerique," 
and  a  soap  solution  containing  no  glycerine.  Details  are  given  in  the 
paper.  The  following  are  the  means  of  the  various  groups  of 
observations. 


Liquid. 

Method. 

Mean  thickness  in  terms 
of  10-«  miUiniB. 

"  Liquide  glyc^rique  *'  . . 
SoAp  solution .....•••.. 

Electrical 

Optical 

11-9 
10-7 

n-7 

12  1 

Electrical 

Optical 

The  agreement  between  these  numbers  is  sufficiently  close  to  make 
the  fact  that  they  are  approximately  correct  unquestionable,  and  to 
prove  that  the  mean  thickness  of  a  black  film  is  nearly  the  same  for 
both  liquids. 
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The  electrical  observations  afford  a  means  of  comparing  the 
thicknesses  of  different  black  films,  and  observing  whether  the 
thickness  of  the  black  portion  of  any  particular  film  alters  as  its  area 
increases.  The  results  obtained  in  the  paper,  and  in  a  previous  pre- 
liminary investigation  on  the  same  subject  (*'  Proc.  Roy.  Soc,"  1877, 
No.  182,  p.  334),  are  summed  up  by  the  authors  as  follows  :^ 

(1.)  Persistent  soap  films,  which  thin  sufficiently  to  exhibit  the 
black  of  the  first  order  of  Newton's  rings,  invariably  display  an 
apparent  discontinuity  in  their  thickness  at  the  boundary  of  the  black 
and  coloni*ed  portions. 

(2.)  The  whole  of  the  black  region  at  the  time  of,  or  very  soon  after, 
its  formation,  is  of  uniform  thickness. 

(3.)  This  thickness  remains  unaltered  in.  any^  film,  whether  the 
coloured  parts  of  the  film  are  thinniug  or  thickening,  increasing  or 
diminishing  in  extent. 

(4.)  It  is  different  for  different  films,  but  no  connexion  has  been 
traced  between  its  magnitude  and  the  time  which  elapses  between  the 
first  formation  of  the  film  and  the  first  appearance  of  the  black,  or 
between  either  of  these  and  the  time  of  observation. 

(5.)  The  mean  values  of  this  thickness  are  the  same  to  within  a 
fraction  of  a  millionth  of  a  millimetre,  whether  the  films  are  plane  or 
cylindrical,  in  contact  with  metal  or  with  glass,  formed  of  soap 
solution  alone,  or  with  the  addition  of  more  than  two-thirds  of  its 
volume  of  glycerine. 

(6.)  Two  totally  independent  methods  of  measuring  the  thickness  of 
the  black  portions  of  the  films  give  concordant  results. 

(7.)  The  mean  value  of  the  thickness  calculated  by  giving  equal 
weight  to  the  results  of  the  electrical  and  optical  experiments  is 
116  X  lO"^  mm.  The  extreme  values  were  7*2  x  lO-^  and 
14-5  X  10-*mm. 

The  smaller  of  these  quantities  is  therefore  a  limiting  thickness  to 
which  a  soap  film  in  air  saturated  with  the  vapour  of  the  liquid  from 
which  it  is  formed  rarely  attains,  and  below  which  none  of  the  films 
observed  by  us  have  thinned. 


III.  "  On  the  Total  Solar  Eclipse  of  May  17, 1882."  By  Arthur 
Schuster,  Ph.D.,  F.R.S.,  and  Captain  W.  de  W.  Abney, 
R.E.,  F.R.S.    Received  April  9,  1»83. 

(Abstract.) 

The  first  part  of  this  paper  gives  an  account  of  the  journey  and 
preparations  for  the  eclipse.  Three  instruments  were  to  be  used 
during  totality. 
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1.  An  ordinary  camera  witk  lens  of  4-inch  aperture,  and  focal 
length  of  5  feet  3  inches. 

2.  A  prismatic  camera,  that  is,  a  camera  with  prism  in  front  of  the 
lens,  or,  in  other  words,  a  spectroscope  without  collimator.  The 
refracting  angle  of  the  prism  was  60^ ;  its  &ce  3  inches  square.  The 
camera  had  a  corrected  lens  with  a  focal  length  of  20  inches  in  the 
yellow.  The  plate  to  be  exposed  was  sensitive  in  the  red  as  well  as 
in 'the  bine. 

8.  A  photographic  spectroscope,  with  one  prism  of  a  refracting  aogle 
of  62°,  and  a  length  of  collimator  and  camera  of  9  inches. 

The  general  appearance  of  the  corona  seemed  to  the  naked  eye  (of 
Dr.  Sch aster)  not  to  have  been  strikingly  different  to  that  of  the  two 
pravions  eclipses,  either  in  brilHancy  or  extension,  but  the  photographs 
reveal  very  essential  differences. 

Some  time  observations  were  made  at  the  first  and  last  contact,  and 
the  length  of  the  eclipse  was  measured  to  be  74  seconds. 

The  second  part  of  the  paper  gives  the  results  of  a  careful  invests* 
gation  of  all  the  photographs  obtained. 

Three  photographs  of  the  corona  itself  with  different  times  of 
exposure,  viz.,  3,  11,  and  23  seconds,  show  a  gradual  increase  in  the 
extension  of  the  corona.  Care  had  been  taken  to  fix,  by  means  of  a 
wire  stretched  across  the  camera,  the  position  of  the  corona,  and  it  is 
believed  that  the  orientation  is  accurate  within  probably  a  quarter  of 
a  degree.  The  photographs  show  the  prominences  very  well,  and 
confirm  the  distinction  which  has  been  drawn  between  the  inner  and 
the  outer  corona.  The  shape  of  the  corona  was  very  irregular.  A  close 
connexion  between  the  outline  of  the  corona  and  the  state  of  the 
sun's  surface  is  placed  beyond  doubt.  During  the  time  of  minimum 
sun-spots  a  great  extension  in  a  direction  approximately  coincident 
both  with  the  ecliptic  and  with  the  san*s  equator  is  observed,  and  we 
can  generally  trace  a  distinct  line  of  symmetry  nearly  agreeing  with  the 
sun's  "ixis  of  rotation.  In  addition  to  the  long  equatorial  rifts,  short 
but  sharp  rifts  appear  near  the  sun*s  poles.  At  times  of  great  solar 
activity  these  rifts  are  not  seen,  nor  is  there  any  symmetry  whatever 
in  the  general  outline  of  the  corona. 

During  the  present  eclipse  the  photographic  impression  of  one  of 
the  rifts  reached  to  a  distance  of  1*4  solar  diameters  away  from  the 
sun's  limb.  As  regards  form  and  general  appearance  of  the  streamers 
two  points  deserve  special  notice.  One  is  the  remarkable  curvature 
of  some  of  the  coronal  rays.  The  rays  seem  in  many  cases  to  start 
almost  tangentially  from  the  sun's  limb;  sometimes  they  are  wider 
near  the  sun's  limb,  contracting  as  their  distance  increases ;  some  of 
the  rifts,  however,  spread  out  in  a  fan-like  fashion.  The  second  point 
to  be  noticed  is  the  transparency  of  the  streamers :  in  two  instances  at 
least  we  can  trace  structural  details  through  the  luminous  streamers. 
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A  drawing  of  the  corona  from  the  hands  of  Mr.  W.  M.  Baillie 
shows  a  good  agreement  with  the  photographs. 

The  piosition  of  a  comet  which  appeared  daring  totality,  can  be 
accurately  fixed  by  means  of  the  photographs.  At  18  h.  24  m.  3G  s. 
G.M.T.,  the  comet's  place  was  found  to  be  Dee.  18°  34'  69"  N.  j 
B.A.  3h.  34  m.  43  s. 

An  examination  of  ihe  different  photographs  shows  a  slight  but 
progressiye  change  in  the  comet's  position.  This  is  in  part  accounted 
for  by  the  moon's  motion  over  the  solar  disk  during  the  eclipse ;  but 
port  of  it  is  very  likely  due  to  the  proper  motion  of  the  comet,  which 
apparently  was  receding  from  the  sun  daring  the  eclipse. 

Some  interesting  results  were  obtained  by  means  of  the  prismatic 
camera.  The  strongest  impression  of  the  prominences  was  obtained 
in  the  ring  corresponding  to  the  calcium  lines  H  and  K.  The  hydro- 
gen lines  H«  (C)  H^  (F)  Hy  (near  Q)  and  H  all  appear  in  the 
strongest  prominences;  but  differences  are  noticed  in  the  relative 
intensity  of  some  of  these  lines.  Thus,  one  prominence  is  especially 
rich  in  violet  Hght,  and  shows  both  Hy  and  Ha  stronger  than  two 
adjacent  prominmices,  which  in  their  turn-  show  a  greater  intensity 
of  Hfi.  This  can  be  explained  on  the  supposition  that  the  first  men- 
tioned  prominence  was  hotter  than  the  others,  an  explanation  which  is 
confirmed  by  the  fact  that  it  shows  a  great  number  of  lines  reaching 
far  into  the  ultra-violet.  The  line  (X,=?5875),  which  generally  goes  by 
the  name  of  Dj,  is  also  represented  in  the  prominences,  and  a  very 
weak  impression  of  one  prominence,  corresponding  to  a  wave-length 
6315  (K  1474),  can  be  seen.  One  of  the  prominences  shows  two  lines 
in  the  infra-red;  one  of  them  corresponds  very  likely  to  X=8240,  the 
other  is  beyond  the  limit  of  the  normal  spectrum  published  by  one  of 
us.  Besides  these  well-defined  prominences  the  photograph  shows  two 
rings,  which  are  evidently  due  to  the  lower  parts  of  the  corona,  and 
therefore  correspond  to  true  coronal  light.  The  wave-length  of  one 
oi  these  rings  is  5315,  the  well-known  corona  line ;  the  second  ring 
corresponds  to  D3.  The  yellow  ring  is  much  fainter  than  the  green 
one,  but  more  uniformly  distribated  round  the  surface  of  the  sun. 

An  instantaneous  photograph  taken  about  five  seconds  after  the  end 
of  totality  shows  still  the  prominences,  and  also  at  the  cusps  short 
extensions  corresponding  to  the  hydrogen  lines,  and  dae  no  donbt  to 
the  higher  parts  of  the  chromospheric  layer. 

The  photograph  taken  with,  the  spectroscopic  camera  shows  close  to 
the  san  a  strong  continuous  spectrum,  reaching  from  F  to  a  place 
beyond  X  3490  in  the  ultra-violet.  At  some  distance  away  from  the 
sun  there  is  a  sudden  falling  off  in  intensity,  but  traces  of  the 
continuous  spectrum  in  the  region  near  G  can  be  seen  up  to  a  height 
of  1*47  solar  radii  on  the  southern  side  of  the  solar  disk,  and  to  a 
height  of  '9  of  a  solar  radius  on  the  northern  side. 
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A  strong  prominenoe,  which  was  cat  bj  the  slit,  gives  a  com- 
plicated spectnim.  The  calcium  lines,  and  especially  the  lines  H  aud 
K,  stand  ont  prominently.  Then,  as  might  be  expected,  all  the 
hydrogen  lines  are  represented,  including  those  in  the  ultra-violet, 
photographed  by  Dr.  Hnggins  in  star  spectra.  Some  unknown  lines 
bring  up  the  total  number  of  lines  photographed  to  29.  In  the 
outer  regions  of  the  corona  the  continuous  spectrum  is  traversed  by 
the  reversal  of  the  solar  line  G  and  by  a  number  of  faint  lines. 
About  thirty  of  these  coronal  lines  have  been  measured. 

In  conclusion,  we  may  briefly  review  the  results  we  have  obtained. 
The  direct  photographs  of  the  corona  are  chiefly  of  interest  in  con- 
nexion with  previous  and  future  eclipses,  and  we  believe  that  those 
Wo  have  obtained  will  be  found  of  value,  as  they  have  been  taken 
during  a  time  of  maximum  sun-spots,  as  they  extend  further  thaji  any 
photographs  previously  obtained,  and  as  the  position  of  the  corona  in 
the  sky  has  been  fixed  by  means  of  them  to  within  a  fraction  of  a 
degree. 

The  photograph  taken  with  the  prismatic  camera  is  of  importance 
when  we  come  to  compare  spectra  of  different  prominences,  which  are 
found  to  give  lines  with  different  relative  intensities  caused  no  .doubt 
by  differences  of  temperature.  Two  prominence  lines  in  the  ultra-red 
have  been  discovered.  It  is  also  proved  that  the  green  line  of  the 
corona  is  a  line  specially  belonging  to  the  corona.  It  is  only  very 
faintly  present  in  the  prominences,  but  forms  a  distinct  ring  round  a 
large  part  of  the  solar  disk.  A  faint  ring  corresponding  to  D3  is  also 
seen. 

The  photograph  of  the  spectrum  of  the  corona  and  prominences  has 
yielded  an  abundant  harvest.  Twenty*nine  lines  of  one  prominence 
have  been  photographed,  and  the  great  importance  which  the  metal 
calcium  plays  in  the  solar  eruptions  has  been  emphasized.  Other 
lines  well  known  hitherto  as  chromospheric  lines,  but  not  traced  in 
the  prominences,  are  now  shown  to  belong  to  them  also,  and  a  number 
of  nuknown  lines,  especially  in  the  ultra-violet,  has  been  added  to  the 
list. 

As  regards  the  corona  we  may  point  out  that  only  one  line  has 
hitherto  been  well  determined,  and  accepted  as  a  true  corona  line, 
though  one  or  two  more  have  been  suspected.  During  the  late  eclipse 
the  corona  seems  to  have  been  especially  rich  in  lines.  Thollon 
observed  some  in  the  violet  without  being  able  to  fix  their  position ; 
and  Tacchini  could  determine  the  position  of  four  true  corona  lines 
in  the  red.  We  have  been  able  to  photograph  and  measure  about 
thirty  additional  lines. 

The  fact  that  part  of  the  outer  corona  shines  by  reflected  light  has 
been  once  more  proved  by  the  presence  of  the  dark  Fraunhofer  set  of 
lines  G,  and  if  any  doubt  previously  existed  respecting  the  presence 
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of  dark  lines  in  tbe  coronal  speotrum,  that  donbt  is  now  completelj 
removed. 

The  results  have  amply  proved  the  valae  of  the  photographic 
method  employed,  and  it  has  been  shown  how  an  eclipse  of  only 
seventy  seconds'  duration  can  be  made  to  yield  important  information. 


IV.  Note  on  Syringammina^  a  New  Type  of  Arenaceous  Rhizo-  . 
poda."    By  Henry  B.  Brady,  F.R.S.    Received  April  10, 
1883. 

[PULTW  2,  8.] 

The  specimens  to  which  the  following  note  refers  were  dredged  in 
the  Faroe  Channel  in  the  autumn  of  last  year,  dnring  the  cruise  of 
H.M.S.  **  Triton,"  and  were  sent  to  me  for  examination  by  Mr.  John 
Murray,  F.R.S.B.,  nnder  whose  direction  the  scientific  observations  of 
the  expedition  were  carried  out. 

It  is  now  a  well-known  fact  that  the  region  lying  between  the  north 
coast  of  Scotland  and  the  Faroe  Islands  possesses  certain  features  of 
unusual  interest  owing  to  the  existence,  side  by  side,  of  two  sharply 
defined  areas,  of  which  the  bottom  temperature  differs  to  the  extent 
of  16"  or  17°  Fahr.  The  depth  of  the  two  areas  is  very  similar,  ranging 
from  450  to  640  fathoms,  and  they  are  separated  by  a  narrow  ridge 
having  an  average  depth  of  about  250  fathoms.  The  physical  aspects 
of  this  phenomenon  have  been  the  subject  of  much  discussion,  and 
the  biological  conditions  attendant  thereupon  are  of  almost  eqaal 
importance  ;  indeed,  so  far  as  the  Rhizopoda  are  concerned,  there  are 
few  areas  of  the  same  extent  that  have  so  well  repaid  the  labour  of 
inv^tigation.  On  the  "Lightning"  Expedition  of  1868,  super- 
intended by  Dr.  Carpenter  and  Sir  Wyville  Thomson,  the  cold  area 
furnished  amongst  other  interesting  organisms,  the  large  Lituoline 
Foraminifer  Beophax  sahulosa,  a  form  which  has  since  been  obtained 
near  the  same  point  on  the  cruise  of  the  "  Knight  Errant,"  but  has 
never  been  met  with  elsewhere.  The  warm  area  yielded  at  the  same 
time  Astrorhisa  arenaria,  a  large  sandy  species  previously  unknown  to 
British  naturalists.  On  the  "  Porcupine  "  Expedition  of  1869,  another 
modification  of  the  latter  genus,  Astrarhtza  Grassatina^  was  obtained  in 
the  cold  area ;  and  near  the  boundary  line  an  entirely  new  arenaceous 
type  was  dredged,  to  which  the  generic  named  Botellma  has  been 
assigned  by  Dr.  Carpenter.  From  the  fact  that  all  the  specimens  of 
the  form  appeared  more  or  less  broken,  it  has  been  inferred  that  the 
tests  were  adherent  when  living  ;  but  the  fragments  were  abundant, 
and  consisted  of  stout  tubes',  many  of  them  upwards  of  an  inch 
in  length,  the  interior  being  subdivided  by  a  labyrinth  of  irregular 
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sandy  partitions.  More  recently,  in  1880,  on  the  craise  of  the  '*  Knight 
Errant,"*  the  rare  genus  StorthosphcBra  was  found  in  the  warm  region, 
and  in  the  cold  area  specimens  of  Conitispira  which  measured  more 
than  an  inch  in  diameter,  rivalling  in  size  the  finest  of  the  tropical 
Orhitolites,  and  therefore  amongst  the  largest  known  Porcellanoas 
Foraminifera. 

The  bottom-dredgings  obtained  on  the  cmise  of  the  "Triton**  in 
Angast  and  September,  1882,  have  not  been  f  ally  examined,  bat  the 
surface-gatherings  made  by  means  of  the  tow-net  are  remarkable  for 
the  abundance  of  the  curioas  pelagic  type  Ha^tigerina.  This  genus 
had  not  previously  been  found  living  in  the  British  seas,  and  the 
specimens  procured  were  equal  in  size  and  beaaty  to  any  of  those 
collected  in  soathern  latitudes  during  the  "  Challenger  "  voyage. 

Of  the  Bhioopoda  contained  in  the  dredgings,  by  far  the  moat  note- 
worthy is  the  arenaceous  form  which  1  propose  to  describe  in  the 
present  paper.  It  may  be  stated  at  the  outset  that  two  specimens  were 
secured,  but  owing  to  the  excessively  fragile  nature  of  the  organism^ 
both  were  in  a  more  or  less  fragpnentary  condition,  though  sufficient 
remains  to  indicate  their  principal  structural  features. 

The  general  appearance  of  one  of  the  specimens,  drawn  to  the 
natural  size,  is  shown  in  PL  2,  figs.  1,  2,  3 ;  the  second  was  too  much 
broken  to  be  of  service  except  for  purposes  of  dissection.  The  figured 
specimen  is  about  an  inch  and  a  half  (38  millims.)  in  diameter,  and 
about  eight-tenths  of  an  inch  (20  millims.)  in  thickness,  but  it  ia 
probable  that  the  latter  dimension  may  not  be  much  more  than  half 
that  of  the  entire  organism ;  indeed,  it  is  evident  that  the  test  when 
complete  was  a  rounded  mass,  which  if  developed  with  any  degree  of 
symmetry,  must  have  been  a  sphere  of  about  an  inch  and  a  half 
diameter.  The  structure  revealed  by  the  fractured  surfaces  is  that  of 
a  congeries  of  branching  and  inosculating  tubes  radiating  from  a 
common  centre. 

The  fragile  nature  of  the  investment  is  duo  to  the  fact  that  the 
walls  are  composed  of  fine  sand  with  scarcely  a  trace  of  inorganio 
cement.  In  this  respect  the  organism  bears  a  close  resemblance  to 
several  well-known  arenaceous  Bhizopods,  notably  to  Asircyrluza 
arenariuy  but  the  difference  in  size  renders  the  absence  of  incorpo- 
rating cement  a  much  more  noticeable  feature  ;  for  whilst  the  test  of 
the  latter  species,  though  loosely  arenaceous,  has  sufficient  strength 
and  substance  to  bear  handling  without  injury,  that  of  the  present 
form  will  scarcely  support  its  own  weight  when  taken  out  of  water, 
and  crumbles  into  a  mass  of  sand  on  the  gentlest  attempts  at  manipu- 
lation. It  is  hardly  possible  to  lift  even  small  fiagments  by  means 
of  forceps,  and  the  specimen   would  have  been  in    less  satisfactory 

•  "  Proc.  Boy.  Soc.  Edinb.,"  1882,  vol.  xi,  pp.  708-717. 
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condition  than  they  are,  were  it  not  that  the  disintegrated  por- 
tions formed  a  layer  of  sand  in  the  bottom  of  the  bottle,  partially 
embedding  the  larger  pieces.  Owing  to  this  want  of  cohesion  it 
has  been  found  impossible  to  prepare  thin  sections  of  any  part  of 
the  test. 

The  inferior  aspect  of  the  specimen,  represented  in  PI.  2,  fig.  1,  is 
entirely  a  fractured  snrface,  and  is  probably  something  approaching  a 
median  section ;  bat  it  is  mnch  too  nneven  to  show  any  regalanty  of 
Btmctnre,  except  at  some  points  near  the  periphery.  The  only  portion 
remaining  oi  what  was  originally  the  exterior  of  the  test  is  shown  in  the 
side  view,  fig*  3,  at  the  point  marked  a.  The  con^^x  or  ''superior'* 
aspect  of  the  specimen,  as  it  stands  on  the  plate,  exhibits  chiefly  the 
ijfpen  ends  of  the  transyersly-broken  tubes. 

The  different  portions  of  the  structure  examined  in  detail  reveal 
little  beyond  what  may  be  realised  at  the  first  glance. 

The  "inferior"  surface  of  the  specimen  displays  somewhat  more 
regularity  in  the  radial  arrangement  of  the  tubes  than  coald  be  made 
apparent  in  the  drawing,  owing  to  the  unevenness  of  the  fraotare. 
The  organic  centre  appears  to  have  been  broken  away,  and  it  is 
impossible  to  say  whether  there  has  been  originally  any  true  nucleus, 
in  the  shape  of  a  well-defined  primordial  chamber.  The  central 
portions,  so  far  as  they  are  left,  consist  of  a  network  of  branching  and 
often  contorted  tubes,  of  somewhat  smaller  diameter  than  those  of  the 
exterior,  and  less  regularly  disposed  (PL  8,  fig.  8). 

Nearer  the  periphery  the  system  of  tubes  takes  a  distinctly  radial 
character,  and  in  a  favourable  section  appears  divided  into  con- 
centric layers  or  tiers  of  gradually  increasing  depth  (fig.  6).  The 
concentric  "partitions'*  exhibited  in  the  radial  section  of  the  test, 
fig.  6,  d.d,<,  are  not,  like  the  "  labyrinthic  layers  "  of  Parkerioy  con- 
tinuous septa  of  cancellated  structure,  but  are  formed  by  lateral 
branches,  given  off  at  intervals,  which  unite  so  as  to  produce  a  more 
or  less  regular  network  (fig.  7).  As  nearly  as  can  be  made  out, 
there  may  have  been  ten  or  eleven  such  reticulated  "  partitions,"  at 
intervals  varying  from  -^  inch  (1*26  mOlims.)  near  the  oentrei  to 
-^ff  inch  (2*5  millims.)  near  the  periphery. 

As  already  stated  the  tubes  are  not  of  uniform  diameter,  those  near 
the  centre  measuring  sometimes  no  more  than  -^  inch  (0'5  millim.), 
whilst  near  the  exterior  they  often  exceed  iV  ^ch  (1  millim.),  the 
average  diameter  being  about  -^  inch  (0*735  millim.).  The  external 
surface  is  granular,  but  in  the  diy  condition  it  is  tolerably  smooth ; 
the  interior  is  smooth  and  well  finished.  The  internal  cavity  whether 
of  the  radial  tubes  or  the  branches  is  continuous,  exhibiting  neither 
constrictionR,  septa,  nor  labyrinthic  subdivision.  The  thickness  of  the 
walls  is  about  7^  inch  (0*125  millim.). 

The  peripherad  ends  of  the  tubes  are  roimded,  and  closed  by  an 
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aggrregation  of  sand-grains  of  somewhat  lighter  cjolonr  than  the  rest 
of  the  test,  in  precisely  the  same  way  as  in  Aitrarhiza  arenaiia  and  its 
immediate  allies.  The  roanded  terminations  are  shown  in  the  side 
view,  fig.  3,  at  the  x>oint  marked  a ;  and  on  a  larger  scale  in  fig.  5. 

With  regard  to  the  animal  inhabiting  the  test,  there  is  not  mncb 
to  be  said.  When  examined  by  Mr.  Mnrray,  fresh  from  the  dredge, 
the  tnbes  were  partially  filled  with  dark-oolonred  saroode ;  and  in  the 
preserved  specimens,  the  peripheral  portions  of  the  fragments  that 
have  been  dissected  were  in  this  condition.  Owing  to  the  intermixtare 
of  sand-grains  it  has  been  foand  impossible  to  examine  the  tube* 
contents  nnder  high  magnifying  powers,  but  they  appear  in  all 
respects  similar  to  the  sarcode  found  in  the  tests  of  many  of  the 
larger  arenaceous  Foraminif  era  which  have  been  preserved  in  the  same 
way,  namely,  a  dark,  somewhat  firm,  granular,  gelatinous  mass, 
which  on  drying  forms  nearly  black  branching  threads. 

There  can  be  no  doubt  that  the  organism  described  in  the  foregoing 
paragraphs  is  the  representative  of  a  new  type  of  arenaceous  Rhizo* 
poda,  and  the  generic  term  Syringammina  (^^v/ji^f ,  «77ot,  a  pipe,  a^/to«, 
sand)  with  the  trivial  name,  fragiliesima,  appears  appropriate  for  its 
designation.  In  the  absence  of  complete  specimens  its  zoological 
characters  cannot  be  fully  stated,  but  the  following  will  serve  for  its 
identification. 

Syringammina  fragilissima^  nov.  gen.  et  sp. 

Test  free;  consisting  of  a  rounded  mass  of  branching,  inoscn- 
lating  tubes  radiating  from  a  common  centre,  and  arranged  in  more 
or  less  distinct  concentric  tiers  or  layers,  which  are  marked  by  the 
formation  at  intervals  of  a  network  of  lateral  branches.  Walls 
arenaceous,  composed  of  nearly  uniform  fine  sand,  with  little  or  no 
inorganic  cement.  Apertures  terminal,  situated  at  the  peripheral 
ends  of  the  tubes,  closed  in  with  loosely  aggregated  sand-grains. 
Colour  dark  grey  when  wet,  drying  to  a  much  lighter  tint.  Diameter 
about  1^  inch. 

The  precise  habitat  of  the  specimens  is  given  in  the  following  note 
from  the  log  of  the  "  Triton  :  " 

♦*  Station  11.  August  28th,  1882,— lat  59°  39'  20"  N.,  long. 
^^  13'  W. ;  depth  555  fathoms;  ooze.  Surface  temperature,  57**-2; 
bottom  temperature  45°  5  Fahr." 

The  position  is  to  the  west  of  the  Wy ville  Thomson  Bidge,  and  close 
to  the  "  Holtenia  Ground  *'  of  the  "  Porcupine  "  Expedition.  Mr, 
Murray  informs  me  by  letter  that  **  the  dredge  employed  on  this  occa- 
sion was  of  very  much  lighter  description  than  those  generally  used  in 
deep-sea  dredging.  It  came  up  with  a  large  quantity  of  ooze  in  the 
bag,  the  top  layers  of  which  were  of  pale  brown  colour,  soft 
and  watery,  the  deeper  layers  somewhat  compact  and  of  slaty  hue. 
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One  of  tbe  specimens  rolled  ont  of  the  ooej  layer  of  the  deposit 
when  the  dredge  was  emptied  on  the  deck  and  broke,  unfortunately, 
in  the  hands  of  the  sailor  who  lifted  it;  the  other  was  found  on 
passing  the  mud  through  the  sieves,  and  when  first  observed 
api>eared  quite  spherical." 

I  learn  that  a  somewhat  similar  specimen  was  dredged  at  a  depth 
of  1000  fathoms  off  the  Azores,  during  the  "  Challenger "  cruise, 
but  that  it  went  to  pieces  in  the  sieve.* 

A  few  words  must  be  added  respecting  the  zoological  position 
and  affinities  of  the  new  genus.  On  the  whole,  Syringammina  finds 
its  nearest  allies,  so  far  as  living  Foraminifera  are  concerned,  in  the 
deep-sea  vaHeties  of  Astrorhiza,  Comparing  it  with  Adrorhiza 
arenaria^f  its  investing  walls  are  found  to  be  constructed  in  precisely 
the  same  way  of  loosely  aggregated  sand,  and  even  in  the  size  of  the 
grains  there  is  great  similarity,  though  this  may  be  in  a  measure 
accidental.  But  whereas  the  test  of  Astrorhiza  consists  (typically) 
of  a  few  tubes,  generally  unbrancbed,  radiating  on  one  plane  from 
a  central  cavity  or  chamber,  that  of  Syrmgammina  is  formed  of 
a  multitude  of  tubes  which  radiate  nearly  equally  in  all  directions, 
and  have  numerous  branches  which  inosculate  freely.  In  Astrorhiza^ 
as  in  Syringammina,  the  peripheral  ends  of  the  tubes  serve  as  the 
general  aperture ;  and  in  both  the  orifices  are  masked  by  aggregations 
of  loose  sand,  forming  rounded  and  apparently  closed  terminations. 

The  genus  Parkeria  has  already  been  referred  to  in  describing  the 
mode  of  increase  by  concentric  layers,  and  both  in  size  and  general 
contour  there  is  considerable  resemblance  between  Syringammina  and 
the  fossil  type.  But  the  similarity  of  internal  structure,  apparent  on 
a  comparison  of  some  of  the  drawings  now  furnished,  with  the 
illustrations  accompanying  the  original  memoir  on  Parkeria  and 
Lofiusia^X  ^  much  more  remarkable  and  cannot  be  passed  over  with- 
out notice.  Owing  to  the  difference  in  the  magnifying  powers 
employed,  the  resemblance  in  the  drawings  is  more  striking  than  in 

•  It  may  be  of  ieirice  to  those  who  hare  the  opportunity  of  dredging,  to  note 
that  the  sandy  skeletons  of  organisms  of  this  sort  may  be  sufficiently  strengthened 
to  bear  handling  by  placing  the  specimens  for  a  time  in  strong  alcohol,  and  then 
drying ;  afterwards,  when  thoroughly  dry,  saturating  with  a  very  dilute  solution  of 
^^fpwiAr  in  benzole,  and  draining  on  blotting-paper.  The  dammar  solution  should 
"he  so  weak  that  it  does  not  leave  a  gloss  on  the  surface  of  the  specimen  when 
finished. 

t  M.  Sars,  Carpenter,  and  Norman  assign  these  deep-sea  sandy  forms  to  the 
same  genus  as  the  shallow- water  organism,  Astrorhiza  limicolay  which  has  a  chitinous 
inreetment,  coated  with  soft  mud.  I  have  not  disturbed  the  arrangement,  but  my 
impression  is  that  they  represent  two  distinct  genera. 

X  "  Phil.  Trans.,**  1869.  Ck)mpare»for  example  the  structure  of  Syringammina  as 
shown  in  figs.  6,  7  of  the  present  paper  with  that  of  Parkeria  and  Loftusia  as 
represented  in  some  of  the  figures  in  Plates  78  and  79  of  the  memoir  referred  to^ 
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the  specimens;  nevertbeless  the  radiate  tubular  stmctare  and  the 
concentric  arrangement  of  the  parts  are  features  common  to  both 
forms.  On  tiie  other  hand,  the  cancellated  layers  of  Parkeria,  which 
form  continuous  septa  of  greater  or  less  thickness,  are  only  r^re- 
sented  in  Stfringammina  by  an  open  network  of  anaatomosing  tabes. 
Mr.  Murray  has  called  my  attention  to  the  close  similarity  that 
exists  between  the  texture  of  the  natural  surface  of  the  recent  form, 
and  that  presented  by  some  in6ltrated  specimens  of  Parheria^  after 
being  etched  by  means  of  acid. 

Morphologically,  however,  SyrvngawmUna  appears  to  find  a  closer 
parallel  in  the  group  of  fossil  Rhizopods  described  by  Professor  Duncan 
under  the  term  8yringo9ph(BridcB,*  Of  these  the  test  in  its  typical 
condition  is  a  spheroidal  body  from  1  to  3  inches  in  diameter,  oom- 
posed  of  radiating  tubes  open  at  their  peripheral  ends.  The  tubes, 
which  are  branched  and  inosculating,  are  arranged  in  conical  bandies 
radiating  from  the  centre  of  the  test,  and  the  intervening  spaoes  are 
filled  with  an  accessory  network  of  branching  tubes  which  present  a 
variety  of  characters.  The  walls  are  formed  of  granular  carbonate  of 
lime.  The  tubes  of  this  fossil  type  are  of  much  smaller  diameter 
than  those  of  Syriftgammina,  and  their  association  in  conical  bundles  is 
a  very  distinctive  feature ;  besides  which,  the  test  presents  no  evidence 
of  concentric  structure. 

The  material  tit  present  available  for  investigation  is  insufficient 
ibr  any  detailed  comparison  of  the  structure  of  these  organisma,  but 
it  is  amply  sufficient  to  show  that  there  exist  analogies  of  g^reat 
interest  between  the  groups  they  respectively  typify ;  and  it  encourages 
the  hope  that  living  specimens  may  yet  be  found  that  shall  satis- 
factorily elucidate  the  still  doubtful  points  in  the  organisation  of  the 
fossil  types. 

EXPLANATION  OF  THE  PLATES* 
Fzjltb  2. 

ITigs.  1,  2,  8.  Syringamminafragiliatimat  natural  size. 

1.  Inferior  aspect,  reiH*esenting  an  uneven  fraotuied  surface  near  the 

middle  of  the  specimen.    The  dotted  line  indioatee  app«>ximately 
the  orighial  outline. 

2.  Superior  aspect  of  the  specimen,  representing  chiefly  an  uneven  frsc- 

tured  surface  near  the  periphery.    At  h  the  exterior  is  coated  witli 
a  film  of  dried  sarcode. 
8.  Lateral  aspect.     The  portion  marked   a  represents  the  uninjured 
natural  surface. 

•  "Karakoram  Stones  or  Syringosphmridw,"  by  Professor  P.  Martin  Duncan, 
M.B.,  F.B.S.,  &o.,  in  the  "Report  on  the  Scientific  Results  of  the  Second  Yarkand 
Mission,"  4to,  3  plates.    Calcutta,  1879. 

Also  **  On  the  Genus  Stoliczkaria,  Duncan,  and  its  Distinctness  fiom  Porkeria, 
Carpenter,"  "  Quart.  Joum.  Geol.  Soo.,"  1882,  toL  xxxviii,  p.  69,  PL  2. 
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fig.  4u  Section  of  the  test,  magnified  50  diameters. 

The  section  is  of  reiy  imequal  thickness,  hut  serres  to  show  the  arena- 
ceous structure,  of  the  test,  and  the  character  of  the  constituent 
grains,  many  of  which  are  minute  Foraminifera. 
Fig.  5.  A  portion  of  the  surface  at  a  (fig.  8)  magnified  8  diameters ;  showing  the 
closed  terminations  of  the  tuhes  ;  and,  at  c,  a  portion  of  one  of  the  con- 
centric reticulated  *'  partitions." 

Plati  8. 

¥1g.  6.  Badial  section  (fractured  surface)  magnified  8  diameters ;  d,d.  reticulated 

"  partitions." 
Fig.  7.  Tangential  section  (fractured  surface)  on  the  plane  of  one  of  the  reticulated 

"partitions"  {d.d.)t  magnified  8  diameters. 
Fig.  8.  Inferior  aspect ;  a  portion  magnified  8  diameters,  showing  the  smaller  size 

and  contorted  form  of  the  tubes  near  the  centre  of  the  test. 


AprU  26, 1883. 

THE  TREASURER,  V.P.,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

1.  "  Contribntions  to  the  Chemistry  of  Food."  By  James  Bell^ 
Ph.D.,  F.C.S.  Communicated  by  Professor  Frankland, 
F  JI.S.    Received  April  4,  1883. 

(Abstitkct.) 

This  paper  contains  the  results  of  researches  on  butter,  cheese, 
milk,  the  cereal  foods,  bread  and  lentil  flour. 

The  author  some  time  ago,  as  the  result  of  a  series  of  experiments, 
indicated  that  it  was  probable  the  soluble  and  insoluble  fatty  acids  in 
butter  fat  did  not  exist  as  simple  gljcerides,  but  in  the  complex  form 
of  compound  ethers — palmitic  and  oleic  acids  beiug  combined  in  the 
same  molecule  with  butyric  acid.  The  results  of  a  further  investigation 
iuto  the  character  of  butter  fat  are  given,  which  tend  to  confirm  this 
theory  of  its  constitution.  Butter  fat  is  proved  to  vary  in  composi- 
tion far  beyond  the  limits  previously  supposed,  and  a  table  of  repre- 
sentative samples  is  given,  showing  the  ordinary  variations  which 
occur.     Ordinary  fats  are  contrasted  with  butter  fat,  and  it  is  sug- 
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gested  that  the  latter,  from  its  complex  character,  probably  performs 
some  more  specific  office  in  the  system  than  the  former. 

The  proximate  analyses  of  ten  descriptions  of  cheese  are  giv^en,  and 
the  composition  of  the  fat  extracted  has  been  determined  in  each  case. 
The  soluble  and  insoluble  fatty  acids  are  shown  to  possess  the  normal 
relation  existing  between  these  acids  in  milk  fat,  a  result  held  to  be 
inconsistent  with  the  views  advanced  by  some  chemists  that  the 
albuminoids  become  slowly  changed  into  fat. 

Tabular  results  are  given  of  a  wide  and  comprehensive  investi- 
gation into  the  variations  which  occur  in  the  composition  of  the  milk 
yielded  by  different  cows  under  the  varying  conditions  of  food  and 
season.  Besides  cow's  milk,  the  proximate  constituents  of  other  kinds 
of  milk  have  been  determined,  and  as  the  analyses  of  the  whole  of  the 
milks  have  been  conducted  on  an  uniform  method,  the  results  will 
be  found  valuable  for  purposes  of  comparison. 

The  changes  which  occur  in  sour  milk  have  been  investigated  and 
the  results  given,  with  a  statement  of  the  amount  of  depreciation 
which  occurs  in  the  non-fatty  solids,  according  to  the  period  for  which 
the  milk  has  been  kept. 

Tabular  results  are  given  of  the  proximate  analyses  of  the  different 
cereals,  of  wheat  flour,  and  of  oatmeal,  and  also  a  complete  analysis  of 
the  ash  of  each.  The  proximate  constituents  of  the  cereals,  &c.,  have 
been  partly  determined  on  new  lines,  and  partly  by  an  improved 
method  of  analysis. 

Judging  from  the  variable  results  obtained  by  different  chemists,  the 
author  suggests  that  the  saccharine  matter  appears  in  some  instances  to 
have  been  overlooked,  while  in  others  it  must  have  been  determined  in 
an  aqueous  extract  of  the  cereals,  without  regard  to  the  transforma- 
tions which  the  soluble  albuminoids  produce  in  starch  and  oilier 
carbohydrates  in  presence  of  water. 

The  albuminoids  of  the  cereals  have  been  found  to  possess  varying 
degi*ees  of  diastatic  action  in  converting  starch,  rye  standing  at  the 
top,  and  rice  at  the  bottom  of  the  scale. 

Tabular  results  of  the  proximate  analyses  of  aerated  and  home- 
made bread  are  given ;  the  changes  which  occur  in  flour  during  the 
baking  process  have  been  studied,  and  the  sugar  present  identified  as 
maltose.  The  results  of  a  proximate  analysis  of  lentil  flour  made  on 
the  same  lines  as  the  cereals,  are  given,  and  also  a  complete  analysis 
of  the  ash  of  lentils. 
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II.  **  Pelvic  Characters  of  Thylaeoleo  carnifex''  By  Professor 
Owen,  C.B.,  F.R.S.,  Director  of  the  Natural  History  De- 
partment, British  Museum.     Received  April  13,  1883. 

(Abstract.) 

In  this  paper  the  author  selects  from  a  series  of  fossils  transmitted 
from  Australia  since  the  communication  of  the  1st  February,  1883, 
the  pelvis  of  a  mature  Thylaeoleo^  and  gives  results  of  a  comparison 
of  it  with  that  of  Macroptis  majoTy  Felts  Leo,  and  Dasyttnis  ursinue^ 
incidentally  referring  to  pelvic  characters  of  the  Wombat,  the  Koak, 
-and  the  Phalangers. 

The  results  are  that  the  few  correspondences  with  the  Kangaroos 
relate  exclusively  to  a  common  marsupial  nature ;  to  these,  in  the 
Dasyurines,  are  added  other  resemblances  not  found,  save  in  Car- 
nivorous Marsupials ;  and,  finally,  prominent  characters  are  shown  in 
which  Thylaeoleo  exclusively  repeats  those  presented  by  the  pelvis  of 
Fdis  Leo. 


in.  "  On  the  Continuity  of  the  Protoplasm  through  the  Walls 
of  Vegetable  Cells."  By  Walter  Gardiner,  B.A.,  late 
Scholar  of  Clare  College,  Cambridge.  Commimicated  by 
W.  T.  TmsELTON-DYER,  C.M.G.,  F.R.S.  Received  April  16, 
1883. 

(Absti'act.) 

After  quoting  a  passage  from  Professor  Sachs'  *'  Vorlesungen  uber 
Pflanzen-Physiologie,"  **  every  plant  however  highly  organised  is 
fundamentally  a  protoplasmic  body  forming  a  connected  whole, 
which,  as  it  grows  on,  is  externally  clothed  by  a  cell  membrane  and 
internally  traversed  by  innumerable  transverse  and  longitudinal  walls,*' 
the  author  suggests  that  any  observations  which  demonstrate  an 
ihctaal  continuity  in  organs  of  large  extent  must  be  of  interest,  as 
(ending  to  show  the  truth  of  Sachs'  statement  in  a  sense  somewhat 
more  Uteral  than  his  own.  At  the  time  that  the  above  remarks  were 
written,  the  instances  of  the  existence  of  any  protoplasmic  continuity 
between  adjacent  cells  were  but  few,  being  limited  to  sieve  tubes  and 
to  Tangl's  results  with  r^ard  to  the  endosperm  cells  of  Strychnoe, 
Phoenix,  and  Areca.  Then  came  the  author^s  investigations  upon  the 
polvini  of  Mimosa,  Robinia,  and  Amicia,  and  subsequently  to  them, 
but  previous  to  the  present  communication,  appeared  an  important 
paper  by  Russow,  in  which  he  had  proved  that  in  the  bast  parenchyma 
ceUs  and  the   phloem  ray  cells  of  numerous  plants,  e.^.,   Populus, 
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Salix,  &c.,  the  closing  membranes  of  the  pits  were  perforated  by  fine- 
protoplasmic  threads.  In  the  present  paper  the  author  details  his 
results  upon  pulvini,  treats  of  the  methods  employed,  and  gives  an 
account  of  his  investigations  as  to  the  structure  of  endosperm  cells^. 
which  were  undertaken  with  the  object  of  controlling  his  previous 
researches.  Since  experiments  showed  that  all  preservative  reagents 
were  unsatisfactory,  fresh  material  alone  was  employed.  In  investi- 
gating the  subject  of  protoplasmic  continuity  the  method  of  swellings 
the  cell- wall  and  subsequent  staining  was  adopted.  Either  sulphuric 
acid  or  chlor.  zinc.  iod.  was  used  as  the  swelling  agent;  and,  after 
washing,  the  sections  were  stained  with  Hoffmann's  violet — in  which 
case  they  were  subsequently  washed  out  with  glycerine — or  withr 
Hoffmann's  blue.  The  latter  dye  was  found  to  be  a  particularly 
satisfactory  reagent  for  staining  the  protoplasm  alone,  while  methylene- 
blue,  on  the  other  hand,  especially  stains  the  cell-wall.  After  the 
acfcion  of  chlor.  zinc.  iod.  and  subsequent  staining  it  was  still  found 
to  be  impossible  to  colour  the  protoplasmic  threads  running  through  the 
cell- wall,  and  since  the  author's  experiments  had  led  him  to  believe 
that  this  was  merely  due  to  phenomena  of  diffusion  (the  solution  of 
the  colloidal  dyes  diffusing  but  little  into  the  colloidal  protoplasm), 
he  adopted  the  modification  of  dissolving  the  solid  Hoffmann's  blue 
in  a  50  per  cent,  solution  of  alcohol  saturated  with  picric  acid,  whicb 
was  found  to  be  perfectly  successful  as  a  stain. 

Having  shown  that  in  its  reactions  the  pit  membrane  differs  markedly 
from  the  rest  of  the  cell- wall,  the  author  proceeds  to  give  a  detailed 
account  of  his  results  with  pulvini.  In  Mimosa,  Bobinia,  and 
Amicla,  the  parenchymatous  cells  of  the  pulvini  were  found  to  com- 
municate with  one  another  by  means  of  delicate  protoplasmic  threads 
which  perforated  the  closing  membranes  of  the  pits.  In  many 
instances  it  appeared  as  if  the  thread  went  bodily  through  the  pits, 
but  the  author  was  disposed  to  believe  that  in  reality  a  sieve-plate 
arrangement  was  present  in  every  case.  The  protoplasm  of  the  bast 
fibres  also  appear  to  communicate  through  the  pit  membrane  hj 
means  of  a  sieve-plate-like  structure.  Thus  from  the  epidermal 
cells  right  up  to  the  last  living  bast  fibre,  which  impinges  on  the  first 
dead  vessel,  a  direct  continuity  from  cell  to  cell  has  been  established, 
and  such  a  pulvinus  may  be  regarded  as  a  connected  whole.  The 
author  has  observed  that  a  means  of  communication  between  adjacent 
cells  appears  to  exist  in  the  pulvini  of  Phaseolus  multiflorus,  and 
Desmodium  gyrans ;  in  the  cells  of  the  leaf  of  Dionaea  museipula ;  in 
the  stamens  of  Cynara  Scolymus,  and  in  tendrils  ;  but  in  consequence 
of  somewhat  hurried  observation,  owing  to  the  lateness  of  the  season,, 
he  cannot  regard  these  results  as  entirely  conclusive,  and  intends  ta 
work  over  the  subject  in  further  detail  on  a  future  occasion. 

In  order  to  clear  up  certain  doubtful  points  with  regard  to  his  work 


Digitized  by 


Google 


1883.]      Protoplasm  through  the  Walls  of  Vegetable  Cells.  165 

on  polvini,  and  to  set  his  inyestigtions  on  the  firmest  possible  basis, 
the  author  now  commenced  the  study  of  endosperm  cells,  since  in 
ihem  the  cells  were  ezceptionallj  large,  and  the  pit  membrane  being 
verj  thick,  the  presence  of  any  threads  running  through  its  substance 
would  be  likely  to  be  clearly  seen.  Having  confirmed  TangVs  results 
with  Strychnos,  Phoenix,  and  Areca,  he  examined  in  detail  the  seeds 
•of  some  fifty  species  of  palms,  and  besides  those  of  typical  represen- 
iatiyes  of  the  following  orders: — LeguminosesB,  BubiacesB,  MyrsinesB, 
Loganicefle,  HydrophyUacese,  Iridaceaa,  Amaryllidaces,  Dioscoriacese, 
Melanthacete,  Liliace»,  SmUacsB,  and  PhytelephasieeB — in  all  of  which 
he  found  that  the  cells  were  placed  in  communication  with  one 
another  by  means  of  delicate  threads  passing  through  the  walls  of  the 
cells.  In  unpitted  cells,  e,g,,  Tamus  and  Dioscorea,  the  threads 
traversed  the  whole  thickness  of  the  wall.  In  the  greater  number  of 
instances  the  cells  were  pitted,  and  the  threads  paased  across  the  pit 
membrane;  and  in  certain  cases,  e.g.^  Bentinckia,  Kentia,  Howea, 
Lodoicea,  and  Asperula,  communication  was  established  both  through 
the  thickened  walls  and  through  the  pits.  The  endosperm  cells  displayed 
in  their  structure  every  possible  modification,  i>oth  of  thickness  or 
thinness  of  the  pit  membrane,  of  clearness  or  difficulty  of  observation, 
and  of  degree  of  development  o£  the  middle  lamella.  The  develop- 
ment of  the  endosperm  was  not  worked  out  in  any  case,  but  the  cells 
were  shown  to  communicate  with  one  another  at  a  very  early  period. 
When  sections  of  living  endosperm  tissue  were  treated  with  sulphuric 
1  acidy  and  stained  with  HofEmann's  blue,  the  same  results  were  obtained 
as  with  ptdvini,  only  here  everything  was  on  a  much  larger  scale. 
Thus  both  the  methods  and  results  received  every  confirmation. 

The  author  then  treats  of  his  investigations  on  the  subject  of 
Plasmolysis,  in  which  he  had  established  that  when  the  plasmolytic 
condition  is  induced  in  a  cell  the  contracted  primordial  utricle  does 
not  lie  free  in  the  cell-cavity,  but  is  connected  on  every  side  to  the 
cell-wall  by  means  of  numerous  fine  protoplasmic  threads.  His 
experiments  lead  him  to  the  conclusion  that  the  above  phenomena  do 
not  give  any  definite  assistance  or  confirmation  to  the  study  of 
perforation  of  the  cell- wall,  for  as  often  as  not  the  threads  bear  no 
relation  to  the  pit,  the  only  significance  implied  being  that  the 
protoplasm  and  the  cell-wall  are  intimately  connected  the  one  with 
the  other. 

Finally,  the  author  remarks  that,  although  he  is  aware  of  the 
danger  of  rushing  to  conclusions,  yet  that  when  his  results,  which 
were  foreshadowed  by  Sachs  and  Hanstein  when  they  demonstrated 
the  perforation  of  the  sieve-plate,  are  taken  in  connexion  with  those 
4>f  Bussow,  it  appears  extremely  probable  that  the  communication 
between  adjacent  cells  not  only  taJces  place  in  the  parenchymatous 
cells  of   pulvini,  in  the  phloem  parenchyma  cells,  in  the  cells  of 
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endosperms,  and  in  the  prosencliymatous  bast  fibres,  bnt  is  of  much 
wider  if  not  of  nniversal  occnrrence.  At  any  rate  we  were  now  in  a 
position  to  get  a  clearer  insight  into  snch  phenomena  as  the  downward 
movement  of  a  sensitive  leaf  upon  stimulation,  of  the  wonderful 
action  of  a  germinating  embryo  on  the  endosperm  cells,  even  on  those 
which  are  most  remote  from  it,  of  the  action  of  a  tendril  towards  its 
sapport,  and  of  a  series  of  phenomena  in  connexion  with  general  cell 
mechanism,  which  were  too  numerous  to  mention,  and  could  not  b& 
treated  of  in  his  present  paper. 

The  paper  is  accompanied  bj  forty  figures,  which  illustrate  the 
principal  instances  of  protoplasmic  continuity  referred  to  in  the- 
text. 


IV.  "  On  the  Dependence  of  Radiation  on  Temperature."  By 
Sir  William  Siemens,  F.R.S.,  D.C.L.,  LL.D.  Received 
April  25,  1883. 

Sir  Isaac  Newton  held  that  the  radiation  of  heat  from  a  hot  body 
increased  in  arithmetical  ratio  with  the  difference  of  temperature- 
between  it  and  the  surrounding  bodies.  This  law  forms  a  rough 
approximation  to  the  truth  over  a  very  limited  range  of  temperature. 
MM.  Dulong  and  Petit  carried  out  an  elaborate  experimental 
research  on  the  rate  of  cooling  of  hot  bodies  by  radiation,  extending^ 
to  somewhat  higher  temperatures,  and  deduced  from  their  observa- 
tions the  empirical  formula — 

Rate  of  cooling  =7w(l-0077)'(l-0077'^ -'-!). 

Here  T  is  the  temperature  of  the  hot  body  in  degrees  Centigrade,  i 
the  temperature  of  the  surrounding  matter,  and  m  is  a  constant 
depending  on  the  nature  oT  the  radiating  body.  This  formula  agrees 
very  fairly  with  experimental  results  for  ordinary  temperatures,  but^ 
like  Newton's  law,  it  has  been  shown  that  it  cannot  be  appHed  for  a 
wider  range. 

The  anomalous  results  which  Newton's  law  and  the  formula  of 
MM.  Dulong  and  Petit  lead  to,  when  applied  to  the  cooling  of 
bodies  at  a  very  high  temperatare,  are  well  illustrated  by  the 
attempts  at  deducing  therefrom  the  temperature  of  the  solar  photo- 
sphere. Waterston  and  Pere  Secchi  (in  his  work  entitled  "  Le  Soleil  *')y 
following  Newton's  hypothesis,  obtained  10,000,000*"  C.  as  the  prob- 
able solar  temperature,  and  Captain  J.  Ericsson,  on  the  same  hypo- 
thesis but  assuming  other  constants,  arrived  at  a  temperature  between 
2,000,000°  and  4,000,000*"  C.  Strangely  contrasting  with  these 
determinations  are  those  of  Poxiillet  in  1836,  and  Vicaire  in  1872,. 
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who,  employing  Dnlong  and  Petit*B  empirical  formnla,  deduce  the 
valnes  1461°  and  1398°  G.  for  the  solar  temperature.  Between  these 
extreme  estimates  we  have  those  of  Dr.  Spoerer,  27,000°  C,  of 
Zoellner,  27,700^  Professor  James  Dewar  (1872),  16,000°,  Rosetti 
(1878),  9000°,  and  Him  (1882),  20,000°. 

In  my  own  investigations  on  this  subject,  by  comparing  the 
spectrum  of  the  sun  as  regards  the  proportion  of  luminous  rays  with 
those  of  the  electric  arc  and  gas  flames,  I  have  arrived  at  the 
conclusion  that  the  temperature  of  the  photosphere  does  not  exceed 
2800°  C,  which  is  in  close  agreement  with  the  limit  assigned  by  M. 
Sain te- Claire  Deville,  deduced  from  the  observations  of  Frankland 
and  Lockyer  on  the  hydrogen  lines  in  the  solar  spectrum.  Sir  William 
Thomson,  in  a  paper  communicated  to  the  Philosophical  Society  of 
Glasgow  (1882),  has  compared  the  power  of  the  sun's  radiation  per 
unit  of  surface  with  that  of  a  Swan  incandescent  carbon  filament,  and 
has  shown  that  it  is  about  sixty-seven  times  greater ;  he  condndes  from 
these  data  that  the  estimate  I  had  formed  of  the  solar  temperature, 
t.e.,  nearly  3000°  C,  cannot  be  very  far  from  the  true  value. 

These  diverse  and  indirect  results  have  long  impressed  me  with  the 
nieed  of  further  experimental  investigation  of  the  dependence  of  radia- 
tion on  temperature ;  and  it  has  occurred  to  me  lately,  that  the  difiS- 
culties  with  which  Dulong  and  Petit  had  to  contend  in  making  their 
measurements  by  means  of  a  mercurial  thermometer,  where  the  losses 
due  to  conduction  and  convection  are  very  great,  and  exceedingly 
difficult  to  determine,  might  be  avoided  in  adopting  a  method  of 
oonducting  the  experiment  which  forms  the  principal  subject  of  my 
jvesent  communication. 

It  is  well  known  that  the  measurement  of  electrical  currents  and 
rc^tance  is  susceptible  of  very  great  accuracy  compared  with  all 
thermal  measurements;  hence  my  endeavour  has  been  to  estimate 
thermal  effects  entirely  by  electrical  methods.  In  the  Bakerian 
Lecture  for  1871,  which  I  had  the  honour  of  delivering  before  the 
Royal  Society  ("  Proc.  Roy.  Soc,"  vol.  19,  p.  443),  I  showed  that  the 
resistance  of  a  platinum  wire  can  be  expressed  as  a  linear  function 
of  its  temperature  by  an  empirical  formula,  the  constants  of  which 
must  be  determined  for  each  individual  wire;  hence  conversely,  if 
resistance  of  a  wire  previously  calibrated  is  measured,  its  temperature 
can  be  deduced.     From  theoretical  considerations  I  showed  that 

-L=«T»+/3T  +  7 

might  be  expected  to  represent  the  relation  between  the  resistance 
and  absolute  temperature.  This  formula  agreed  closely  with  my  own 
experimental  results  for  platinum,  copper,  silver,  iron,  and  aluminium 
wires  (''Journal  of  the  Society  of  Telegraph  Engineers  and  Elec- 
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tricians,"  vol.  i,  p.  123,  and  vol.  iii,  p.  297),  and  has  since  been  verified 
by  Professor  A.  Weinbold  in  the  case  of  platinum  from  100**  to 
1000°  C.  ("  Annalen  der  Physik  und  Chemie,"  1873,  p.  225). 

The  apparatns  which  I  propose  for  determining  the  dependence  of 
radiation  on  temperature  consists  of  a  platinum  or  other  wire,  0*76 
millim.  in  diameter,  suspended  between  two  binding  screws,  marked 
(A)  and  (6)  on  the  diagram,  carried  on  two  suitable  wooden  stands. 
The  binding  screws  are  connected  through  an  electro-dynamometer 
(D),  for  the  purpose  of  measuring  the  current,  to  a  secondary  battery, 

Diafrram  showing  arrangement  of  experiment. 


the  number  of  cells  in  which  can  be  varied.  A  high  resistance 
galvanometer  (G)  is  also  inserted  between  the  binding  screws  as  a 
shunt  to  the  platinum  wire. 

The  electro-dynamometer  is  of  the  ordinary  form,  in  which  the 
current  passes  through  a  fixed  coil,  and  a  movable  coil  consisting  of  a 
single  twist,  hung  by  a  torsion  spring  in  a  vertical  plane  at  right 
angles  to  the  plane  of  the  fixed  coil.  The  couple  due  to  the  current 
is  balanced  by  the  torsion  of  the  spring,  hence  the  angle  of  torsion  is 
proportional  to  the  square  of  the  current.  The  current  through  the 
high  resistance  galvanometer  being  a  measure  of  the  difference  of 
potential  between  the  extremities  of  the  platinum  wire,  the  reading 
of  the  galvanometer,  divided  by  the  main  current  as  determined  by 
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ihQ  electro-dynamometer,  is  proportional  to  tlie  resistance  of  the  wire. 
Hence  the  constant  of  the  instrament  and  the  resistance  of  tjbe  gal- 
Yanometer  being  known,  the  resistance  of  the  platinum  wire  could  be 
<;alcnlated,  as  the  current  was  varied  by  altering  the  number  of  cells 
composing  the  battery. 

The  measurements  were  made  in  all  cases  when  equilibrium  liad 
been  established  between  the  radiation  and  the  energy  of  the  current, 
AS  evinced  by  the  constancy  of  the  readings  of  the  electro-dynamo- 
meter and  galvanometer. 

Having  made  a  rough  preliminary  series  of  experiments  to  test 
the  suitability  of  the  method  and  apparatus,  with  satisfactory  results, 
•on  April  17th  1  made  a  second  series,  the  results  of  which  are 
recorded  in  Table  1.  Column  I  gives  the  current  in  amperes  passing 
through  the  wire;  column  II  the  difference  of  potential  in  volts 
between  the  terminals  as  deduced  from  the  readings  of  the 'galvano- 
meter ;  column  Ut  the  rate  at  which  the  energy  of  the  current  waA 
converted  into  radiant  energy,  represented  by  the  product  of  the 
electromotive  force  and  current,  and  therefore  measured  in  volt- 
amperes  or  watts ;  column  lY  the  resistance  of  the  wire,  being  the 
ratio  of  the  electromotive  force  to  the  current ;  column  V  the  corre- 
sponding temperature  of  the  wire  in  degrees  Centigrade.  Finally, 
column  VI  describes  the  condition  of  the  wire  as  apparent  to  the  eye. 

Table  L 

Length  of  wire  102  centims.     Diameter  0*76  millim. 

Temperature  of  room  65°  F. 


I. 

II. 

in. 

IV. 

V. 

VI. 

Amperes. 

Volta. 

Watta. 

Ohms. 

2-91 

1-192 

3-468 

-4096 

— 

JiiBt  warm  to  touch. 

8-999 

1-639 

6-555 

-4099 

— 

5-738 

2-831 

16-24 

-4933 

100° 

8-943 

5-662 

50*64 

•6831 

282 

12-27 

9-536 

117-00 

-7772 

570 

Chars  wood. 

16-66 

16-39 

273  0 

•9838 

881 

Very  dark  red. 

13-19 

11  -175 

147-4 

-8172 

653 

Bed  heat. 

20-90 

22  052 

460-9 

1-055 

1075 

Bright  red. 

23-73 

26-82 

636-4 

1130 

1194 

Very  bright. 

On  April  18th,  three  further  series  of  experiments  were  made,  the 
results  of  which  are  .set  forth  in  a  similar  manner  in  Tables  II,  III, 


Digitized  by 


Google 


170 


Sir  W.  Siemens. 


[Apr.  26^ 


Table  II. 

Length  of  wire  102  centims.     Diameter  0*76  millim. 

Current  increasing. 


Tempe- 

Corre- 

Irature  of 
the 

Amperes. 

VolU. 

Watte.        C 

)h2ns. 

Bponding 
temperature 

room. 

of  wire. 

63-5°  F. 

2*565 

•896 

2*295 

8489 

Just  warm. 

yi 

8-217 

1*340 

4-310 

4165 

— 

6-36 

3-204 

20-377 

5037 

120** 

Hot. 

)) 

8-511 

5-146 

48-798 

6046 

250 

}) 

10-714 

7-599 

81  -416 

7029 

420 

Chars  cotton. 

660 

18  192 

11 -026 

145-45 

8358 

645 

Discolouring. 

)» 

13-698 

11-927 

163-38 

8707 

690 

Dark  red. 

ft 

15  -595 

14-602 

227  -72 

9368 

816 

Light  red. 

670 

16-222 

15  -510 

251-60 

9561 

852 

Bnghtred. 
YeUow. 

tt 

17-869 

19-072 

340  02       1 

-0698 

960 

»» 

25  094 

29-80 

747  -86       1 

•1875 

1260 

White. 

Note. — ^The  temperatures  corresponding  to  the  yerj  small  currents  are  not 
given,  as  for  yerj  small  deflections  the  electro-dynamometer  readings  could  not  be 
regarded  as  perfectly  trustworthy. 


Table  IIL 
Length  of  wire  102  centims.    Diameter  0*76  millim. 
Gnrrent  increasing. 


Temp, 
of 
the 

Corre- 
sponding 

Amperes. 

Volte. 

Watts. 

Ohms. 

tempera- 

ture 

room. 

of  wire. 

60°  F. 

2-744 

-908 

2-491 

3309 

__ 

Just  warm. 

3-629 

1-483 

5-382 

'4086 

— 

6-79 

3-278 

22-258 

*4827 

125° 

Hot. 

>» 

8-995 

5-364 

48-251 

5963 

270 

Nearly  chars 
cotton. 

11-072 

7-465 

82-658 

6742 

480 

Chars  cotton. 

it 

14  048 

11-925 

167-52 

*8489 

700 

Dark  red. 

W 

16-247 

15-496 

251*76 

9588 

855 

Light  red. 
Bnght  red. 

»» 

19-299 

19-97 

885-40 

1-0848 

1005 

It 

20  078 

20-577 

418-04 

1*0251 

1087 

YeiT  bright  red. 

9> 

22-948 

25-643 

588-45 

1*1175 

1164 

»> 

28*684 

26-25 

620-40 

1*1107 

1185 

Bright  yellow. 

» 

25-171 

28-31 

712*59 

1*1247 

1240 

White. 

»> 

26-190 

29-80 

780*46 

1*1879 

1272 

y> 
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Table  IV. 

Wire  the  same  as  in  III. 

Current  decreasing. 


Tem- 

Corre- 

perature 
of  the 

Amperes. 

Volts. 

Watts. 

Ohms. 

Bponding 
or  wire. 

room. 

63'' F. 

25  101 

28-31 

710-61 

1-1278 

1240*' 

23  016 

25-33 

582-99 

11005 

1160 

18-578 

18-327 

340-48 

•9864 

960 

16-997 

15-794 

268-45 

•9292 

875 

tt 

16-098 

13-410 

202-47 

•8882 

776 

ft 

12-796 

10  132 

129-65 

-7918 

605 

11  06 

7-599 

84-044 

•6870 

440 

yt 

9-454 

5-662 

53-530 

•5988 

295 

7-513 

4  097 

30-780 

•6452 

180 

)) 

6-507 

3-278 

21-830 

•5037 

130 

}) 

5-04 

2-384 

12  016 

•4730 

— 

3-217 

1-371 

4-407 

•4258 

— 

65° 

26-856 

31-29 

840*33 

11651 

1290 

1 

The  results  given  in  the  four  tables  are  plotted  out  on  the  curve 
marked  (A).  The  abscisse  give  the  rate  at  which  the  energy  of  the 
cnrrent  is  converted  into  heat,  and  the  ordinates  the  corresponding 
resistance  of  the  wire. 

To  determine  the  temperature  of  the  wire  corresponding  to  each 
resistance,  another  series  of  experiments  was  made,  which  are 
^described  hereafter.     The  values  of  a,  |?,  and  7  obtained  were — 


«=0  -0119 
/3=:0  -00112 
7=0  -512 


} 


hence 


^z  — 


=  -0119T»+  •00112T-f  -512; 


where  Tq  is  the  resistance  of  the  wire  at  the  freezing  point.  By  giving 
to  T  various  values  in  this  formnlc^  a  cnrve  can  be  constructed 
.  showing  the  relation  between  the  resistance  and  absolute  temperature. 
Such  a  curve  was  drawn,  and  approximated  for  high  temperatures  to 
a  straight  line,  as  evidently  must  be  the  case  from  the  form  of  the 

eqnation.     By  solving  the  equation  for  the  maximum  value  of  -^-^ 

observed,  it  was  found  that  the  temperature  of  the  wire  when  bright 
red  hot  was  about  1100°  C.     It  is  known  that  platinum  wire  inelts  at 
-approximately  1800**  C. 

The  curve  of  relation  between  the  temperature  of  the  wire  and  the 
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electrical  energj  absorbed  can  now  be  constmcted.  Taking  the 
abecisssB  of  the  curve  proportional  to  the  watts  absorbed,  and  the 
ordinates  proportional  to  the  temperatures  in  degrees  Centigrade,  the 
dotted  curve  marked  B  represents  the  relation  between  the  power 
and  the  temperature  for  the  results  given  in  the  tables. 

I  have  sought  to  express  this  relation  by  an  empirical  formula  m 
order  to  carry  the  curve  to  still  higher  temperatures.     The  equation — 

Temperature=A  (log  a;)2-f  B  (log  «)  + C, 

where  x  represents  watts,  agrees  with  the  experimental  results.  The^ 
constants  A,  B,  G  have  the  values, 

A=  -63. 
B=  1177. 
C=-1603. 

Mr.  McFarlane,  in  a  pap^  communicated  to  the  Royal  Society  on 
January  11th,  1872,  has  arrived  at  the  equation — 

Bate  of  energy =a+  &<H-d^ 

where  a,  h,  e  are  empirical  constants  and  t  is  the  difference  of  tem- 
perature,  from  his  experiments  made  through  a  very  limited  range  or 
temperature,  viz.,  about  60°  C.  ("  Proc.  Roy.  Soc.,"  vol.  20,  p.  90,. 
1^2).  Professor  James  Dewar,  from  experiments  extending  from  a 
temperature  of  80**  to  the  boiling  points  of  sulphur  and  mercury,  alsa 
deduces  a  parabolic  formula.  (**  Proceedings  of  the  Royal  Institu- 
tion," vol.  9,  p.  266.) 

Making  use  of  the  equation  1  have  given,  the  rate  of  energy 
absorbed  for  a  temperature  of  2780°  C,  is  155,000  watts,  or  sixty- 
seven  times  the  rate  of  absorption  at  a  temperature  of  1670°  G.  Since 
1670°  C.  is  not  much  below  the  temperature  of  an  incandescent 
filament  (reverting  to  Sir  William  Thomson's  calculation  for  the  ratio 
of  the  radiant  power  per  unit  of  surface  of  the  sun  to  that  of  the 
incandescent  filament),  the  temperature  of  the  sun  comes  out  to  be 
about  2780°;  which  is  in  very  close  agreement  with  my  former 
estimate  based  on  other  grounds.  The  effect  of  absorption  between 
the  sun  and  the  earth  would  bring  the  two  estimates  into  still  closer 
agreement. 

Xf  we  attempt  to  form  a  natural  equation  to  the  curve,  it  is  apparent 
that  it  will  consist  of  two  terms — 

(i.)  The. term  due  to  radiation, 

(ii.)  The  term  depending  on  the  convection  and  conduction  of  the- 
air.  The  conduction  of  heat  by  the  wire  into  the  terminals  may  be 
neglected,  as  by  taking  a  considerable  length  it  becomes  a  small 
quantity  of  the  second  order.    The  first  term  I  take  to  be  proportionar 
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to  some  power  of  the  absolute  temperatare,  the  second  maj  for  the 
present  be  represented  by  mF(t).    Hence  we  have — 

Rate  of  conversion  of  energy=AT*+wF(i). 

According  to  Provost's  theory  of  exchanges,  the  hot  body  is  itself 
receiving  radiant  energy  from  the  surrounding  bodies;  hence  the 
radiant  energy  is  more  appropriately  represented  by  A(T*— ^),  where 
t  is  the  temperature  of  the  surrounding  bodies.  Similarly  it  would 
appear  probable  that  the  conduction  and  convection  will  depend  on 
the  difference  of  temperature.     Hence 

Rate  of  energy=A(T'»-^«)-f  mF(T-0- 

The  constants  A  and  m  will  depend  on  the  nature  of  the  radiating 
body  and  on  the  surrounding  medium. 

Although  for  theoretical  purposes  it  is  important  to  eliminate  the 
conduction  and  convection,  yet  in  most  cases  a  medium  is  present,  and 
it  has  been  shown  by  Mr.  Grookes  that,  within  limits,  variations  in 
pressure  have  only  a  very  small  effect  on  the  amount  of  heat  lost  by 
-conduction  and  convection. 

I  have  not  as  yet  been  able  to  make  any  experiments  on  the  deter- 
mination  of  the  term  mP(T— 0>  ^^^  i*'  ^  my  intention  to  make  further 
investigations  on  this  point.  I  am  indebted  to  Professor  Stokes  for 
suggesting  a  method  which  appears  to  me  likely  to  yield  useful  results. 
He  proposes  to  construct  a  chimney  of  white  paper,  and  to  fix  it  over 
the  wire  through  which  the  current  is  passing.  The  chinmey  will 
collect  all  the  heated  air  ascending  by  convection,  and  by  suitable 
means  its  temperature  and  the  rate  of  flow  can  be  measured,  and 
hence  the  rate  of  loss  of  heat  by  convection  estimated. 

It  might  be  supposed  that  conducting  the  experiment  in  vacuo 
would  diminish  the  convection.  According  to  the  original  researches 
of  Dulong  and  Petit,  the  rate  of  cooling  diminished  in  a  geometrical 

progression,  whose  ratio  was        ^  ^,  as  the  pressure  diminished  in  a 

1*366 

second  geometrical  progression,   of   which   the  ratio   was  -.     Mr. 

Orookes,  in  a  paper  communicated  to  the  Royal  Society  ("  Proc.  Roy. 
Soc.,"  1880,  vol.  31,  p.  239)  described  some  experiments  on  this 
point,  and  showed  that  a  diminution  of  pressure  from  760  miUims.  to 
120  millims.  had  a  very  slight  effect  on  the  convection.  From  120  to 
•5  millims.  the  effect  was  somewhat  more  marked.  A  reduction  of 
pressure  from  5  millims.  to  2  millims.,  however,  produced  twice  as 
much  fall  in  the  rate  of  cooling  as  the  whole  exhaustion  from 
760  millims.  to  1  millim.  Hence  to  eliminate  the  effect  of  convection 
a  very  high  exhaustion  must  be  obtained. 

It  still  remains  to  describe  the  experiments  by  which  the  constants 
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«,  /3,  7  of  the  empirical  formula  ooxmectdng  the  resistance  of  the  wire 
with  its  absolute  temperature  were  determined.  The  wire  was  enclosed 
in  a  glass  tube,  stopped  at  either  end  with  a  plug,  through  which  the 
wire  passed  centrally.  The  tube  was  fixed  in  a  metallic  trough,  with 
an  aperture  in  its  cover  sufficiently  large  to  admit  a  mercurial  thermo- 
meter placed  in  contact  with  the  tube.  In  the  first  instance,  the 
trough  was  filled  with  melting  ice,  and  the  resisttoce  of  the  wire 
measured  by  a  Wheatstone  bridge.  The  ioe  was  then  removed,  and 
two  Bnnsen  burners  were  placed  below  the  trough,  and  the  tempera- 
ture gradually  raised  by  increasing  the  pressure  of  the  gas  in  the 
burners. 

In  this  way  a  series  of  simultaneous  observations  were  made  of  the 
temperature  of  the  wire  and  its  corresponding  resistance  up  to  100°  C. 
The  results  are  given  in  the  subjoined  table.  Care  was  taken  at  each 
reading  that  the  thermometer  had  become  stationary,  and  really 
represented  the  temperature  of  the  wire.  A  second  series  of  observa- 
tions were  taken  as  the  wire  cooled  from  100**  to  zero ;  and  the  results 
•are  likewise  given  in  the  table. 


Temperature  riaiiig. 

Temperature  falling. 

1   Tempera- 

BesiBtance 

Jl 

Tempera- 

BesiBtance 

rt 

;       tare. 

ohms. 

^9 

ture. 

ohms. 

ro 

1          (f  C, 

•6847 

10000 

lOO^'C. 

•6827 

11680 

0 

5837 



97-7 

•6815 

1660 

0 

5827 



95-6 

•6798 

1631 

0 

6827 

— 

900 

•6741 

1633 

66  8 

6467 

11064 

78-5 

•6619 

1324 

66-6 

6469 

11068 

76-6 

•6601 

1294 

67-2 

6477 

11081 

62-5 

•6463 

1057 

68-5 

6547 

11201 

48-3 

•6308 

0792 

70-2 

6557 

11218 

46-6 

•6299 

0777 

72-2 

6667 

11236 

32-2 

•6147 

0517 

81-6 

•6697 

11286 

31-6 

•6140 

0505 

85  0 

6657 

11389 

21-6 

•6052 

0354 

861 

6697 

11458 

0 

•5857 

0000 

93-2 

6727 

11609 

0 

•5857 



95  0 

6747 

11543 

98-8 

6777 

1  1594 

99  5 

•6817 

11663 

For  the  reduction  of  the  26  equations  obtained  from  these  obser- 
vations, the  method  of  least  squares  was  empbyed,  giving 

«=0  -0110 
/3=0- 00112 
7=0  -512 
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The  following  are  the  results  in  substituting  for  the  platinum  a 
wire  of  platinam  with  20  per  cent,  of  iridium. 

Diameter  of  wire  73  to  75  millim.     Temperature  of  room  59°  F. 
Length  of  wire  100  centims.     Current  increasing. 


• 

Corre- 

Amperes. 

Volte. 

Watte. 

OhmB. 

eponding 

temperature 

of  "wire. 

Condition. 

2  169 

1-638 

3  -553 

-7552 

Just  warm. 

4-652 

8-045 

14-165 

-6546 



Warm. 

6-858 

6-815 

46-742 

-9986 

442° 

Hot. 

10-17 

11-745 

119-48 

1-1545 

726 

Chars  cotton. 

11 -477 

14-21 

163-09 

1-2381 

873 

Dark  red. 

12-932 

16-67 

216 -68 

1-2891 

965 

Bed. 

16  198 

22-04 

334-97 

1-4502 

1252 

Light  rod. 

17-807 

29-00 

516-40 

1-6286 

1587 

YeUow. 

20-791 

86-25 

753-67 

1-7436 

1787 

White. 

Current 

decreasing. 

16  762 

24-65 

413  19 

1-4706 

1289 

14-210 

19-865 

282-28 

1-8980 

1160 

11  -828 

^    14-935 

176-65 

1-2627 

918 

10-62 

12-76 

135-61 

1-2015 

806 

8-40 

8-845 

74-299 

1  -0530 

545 

5-487 

4-98 

27-051 

-8985 

279 

4-338 

3-625 

15 -725 

-8364 

— 

A  second  series  were  taken  with  the  same  piece  of  wire,  and  the 
current  increased  until  the  wire  broke. 


Corre- 

Amperes. 

Volte. 

Watte. 

Ohms. 

sponding 

temperature 

of  wire. 

Condition. 

2-743 

1-907 

5-23 

-6952 

_ 

Just  warm. 

7-062 

7-005 

49-47 

•9919 

439° 

Hot. 

10-492 

12-66 

132  -86 

1-2066 

816 

Chars  cotton. 

15-634 

23-69 

870-38 

1  -5153 

1372 

Light  red. 
White. 

19-324 

33-63 

647-93 

1  -7351 

1771 

21  044 

37-99 

799-47 

1-8053 

1899 

22-414 

41-72 

935-10 

1-8613 

2001 

23-913 

45-19 

1080-60 

1  -8898 

2053 

Incandescent. 

25  -475 

49-91 

1271 -60 

1  -9692 

2185 

26-33 

53-70 

1413-90 

2  0396 

2326 

Broke         into 
several  pieces 
immediately 
after  reading. 
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The  relation  between  the  resistanoe  and  temperature  is  given  in  the 
following  table. 


Temperature  rising. 

1 

Temperature. 

Resistance 
ohms. 

rt 

Temperature. 

Resistance 
ohms. 

MdHng  ice,  (f  C. 
12  1°C 

10072 
10061 
10061 
10184 
10084 

10000 

10117 
10862 

Boiling  water  . . . 
13  -8^  C 

10924 
1  0198 
10072 

10852 
10131  j 
10000 

Melting  ice 

BoOing  water. . . . 

The  valoes  for  a^  jS,  7  dedaced  bj  the  method  of  least  squares  are — 

a=     -005 
i3=     -000694 

ry=-7285 

In  oondnsion  I  have  pleasure  in  acknowledging  the  assistance  I 
have  received  in  conducting  the  experiments,  and  in  the  preparation 
of  this  paper,  from  Messrs.  E.  Lauckert  and  Edward  Hopkinson, 
D.Sc. 

The  Society  adjourned  over  Ascension  Day  to  Thursday,  May  lOtb. 
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May  10, 1883. 

Mr.  JOHN  BALL,  M.A.,  Vice-President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Dr.  Dietrich  Brandis  (elected  1875)  was  admitted  into  the  Society, 

In  pnrsnance  of  the  Statutes,  the  names  of  Candidates  recommended 
for  election  into  the  Socieiy  were  read  from  the  Chair,  as  follows : — 


Aitchison,  James  Edward  T.,  Snr- 
geon-Major,  M.D. 

Browne,  James   Crichton,  M.D., 
LL.D. 

Dobson,  Oeorge  Edward,  Surgeon- 
Major,  M.A.,  M.B. 

Duncan,  James  Matthews,  A.M., 
M.D. 

Fitzgerald,  Prof.  Oeorge  Francis,  I  Venn,  John,  M.A. 
M.A.  '  Walker,  John  James,  M.A. 


Flight,  Walter,  D.Sc. 
Frost,  Bev.  Percival,  M.A. 
Gill,  David,  LL.D. 
Groves,  Charles  Edward,  F.C.S. 
Grubb,  Howard,  F.B.A.S. 
Langley,  John  Newport,  M.A. 
Boinold,  Arnold  William,  M^ 
Trimen,  Roland,  F.L:S.,  F.Z.S. 


The  following  Papers  were  read : — 

I.  "  Theory  of  Magnetism  based  upon  New  Experimental  Re- 
searches/' By  Professor  D.  E.  Hughes,  F.R.S.  Received 
April  5, 1883. 

In  a  preliminary  note*  I  communicated  to  the  Royal  Society  the 
formulated  results  of  a  lengthened  series  of  experiments  with  the 
induction  balance,  and  I  now  present  the  experimental  evidences 
which  led  me  to  these  conclusions. 

From  numeroas  researches  previously  made  by  means  of  the 
induction  balance,  the  results  of  which  I  have  already  published,  I 
felt  convinced  that  in  researches  upon  the  cause  of  magnetism,  I 
should  have  in  it  the  aid  of  the  most  powerful  instrument  of  research 
ever  brought  to  bear  upon  the  molecular  construction  of  iron,  as  indeed 
of  all  metals.  It  neglects  all  forces  which  do  not  produce  a  change 
in  the  molecular  structure,  and  enables  us  to  penetrate  at  once  to  the 
interior  of  a  magnet  or  piece  of  iron,  observing  only  its  peculiar 
structure  and  the  change  which  takes  place  during  magnetisation  or 
apparent  neutrality. 

•  "Proc.Eoy.Soc.,"Tol.84. 
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The  induction  biJanoe,  while  being  one  of  the  most  simple  instru- 
ments as  regards  its  constraotion,  and  most  powerful  as  to  its  powers 
of  appredating  minute  differences  in  the  molecular  construction  of 
metals,  requires  a  lengthened  previous  practical  knowledge  of  its  use 
and  powers  in  order  to  obtain  zero  readings  for  each  experiment. 
Thus  with  it  we  can  very  easily  obtain  an  effect,  such  as  a  marked 
difference  between  two  pieces  of  iron  of  similar  size  and  chemical 
oompoeiti(m;  but  to  reduce  these  differences,  separate  and  measure 
them  by  the  zero  method,  is  of  a  peculiarly  difficult  nature.  Not  only 
dora  the  electromotive  force  vary  with  each  piece  of  iron,  but  also  the 
time  of  its  discharge,  the  time  or  duration  of  the  effect  being  more 
variable  and  more  indicative  of  the  molecular  structure  than  the 
electromotive  force.  Again,  the  form  of  the  induction  balance  must 
vary  according  to  the  nature  of  the  experiment.  In  some  cases, 
where  it  is  desirable  not  to  pass  an  electric  current  through  the  metal, 
four  coils  should  be  used,  as  in  the  first  instrument  I  presented  to  the 
Boyal  Society  in  1879.*  In  others  we  should  use  three,  two,  or  but 
one  coil,  as  in  the  instrument  which  I  shall  describe  in  this  paper. 
In  order  to  avoid  complication  I  will  only  mention  results  which  can 
be  easily  obtained  by  this  most  simple  form  of  apparatus,  results 
which  I  believe  can  only  be  attributed  to  the  molecular  nature  of 
magp[ietism. 

This  theory  has  long  been  foreseen,  and  predicted  in  almost  com- 
plete perfection  as  regards  the  rotation  of  the  molecules,  by  many 
authors,  the  earliest  of  whose  notices,  and  the  most  clearly  defined  as 
being  very  near  the  results  obtained  by  myself,  will  be  found  in  the 
remarkable  work  by  De  La  Bive,t  1853,  who  in  chapter  iii,  page  317, 
under  the  title  of  '*  Influence  of  Molecular  Actions  upon  Magnetism 
produced  by  Dynamic  Electricity,"  says :  "  We  have  seen  that  heat, 
tension  and  mechanical  actions  generally  facilitate  magnetisation. 
M.  Matteucci  has  found  that  torsion  and  percussion,  and  mechanical 
actions,  not  only  facilitate  the  magnetisation  produced  upon  soft  iron 
by  a  helix  that  is  traversed  by  a  powerful  current,  but  they  also 
contribute,  when  the  current  has  ceased  to  pass,  to  the  destroying  the 
magnetism  in  a  very  rapid  manner ;  the  same  philosopher  has  Hkewise 
observed  that  torsion,  when  it  does  not  pass  beyond  certain  limits, 
augments  the  magnetisation  produced  upon  steel  needles  by  dis- 
charges of  the  Leyden  jar. 

'*  M.  Marianini,  who  has  made  numerous  and  interesting  researches 
upon  magnetisation,  arrived  at  curious  results  upon  the  aptitude  that 
iron  bars  may  acquire  of  becoming  more  easily  magnetised  in  one 
direction  than  in  another." 

•  "  Pioc.  Boy.  Soc./*  vol.  29,  p.  66. 

t  "  A  Treatise  on  Elecfcricitj,  in  Theory  and  Practice."  By  Aug.  De  La  Bire. 
London,  1853. 
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M.  De  La  Rive  sams  up  a  series  of  interesting  experiments  in  these 
remarkable  words  :  '*  The  whole  of  the  magneto-molecular  phenomena 
that  we  have  been  studying  leadjus  to  believe  that  the  magnetisation  of 
a  body  is  due  to  a  particular  arrangement  of  its  molecules,  originallj 
endowed  with  magnetic  virtue,  but  which  in  the  nattlral  state  are  so 
arranged  that  the  magnetism  of  the  body  that  they  constitute  is  not 
apparent.  Magnetism  would  therefore  consist  in  disturbing  this  state 
of  equilibrium,  or  in  giving  to  the  particles  an  arrangement  that 
makes  manifest  the  property  with  which  they  are  endowed,  and  not  in  • 
developing  it  in  them.  The  coercitive  force  would  be  the  resistance 
of  the  molecules  to  change  their  relative  positions. 

*^  There  remains  an  important  question  to  be  resolved : 

"Are  mechanical  or  other  actions,  disturbers  as  they  are  of  the 
electrical  state,  able  of  themselves  to  give  rise  to  magnetism  ?" 

Du  Moncel,  in  his  remarkable  work  on  Magnetism,  1857,  sustained 
and  developed  the  views  of  De  La  Rive,  and  later,  Wiedemann  in 
*^  Poggendorff's  Annalen,"  1857 — 1859,  as  well  as  in  his  remarkable 
^'Lehre  von  Galvanismus,"  1861,  sustained  a  similar  theory. 
Wiedemann  has  lately  given  a  resumd  of  his  researches  in  the 
**  Lumiere  filectrique,"  Paris,  January  28, 1882,  where  he  says — 

''Nous  admettons  que  les  metauz  magn^tiques  sent  compost  de 
molecules  qui  out  une  polarity  magfn6tique ;  nous  ne  voulons  lien 
pr6ciser  quant  k  la  cause  m^me  de  oette  polarity,  qu'elle  provienne 
de  la  separation  des  fluids  magn^tiques,  des  vibrations  d'un  milieu 
entourant  les  molecules  on  mieux  encore  de  Texistance  de  courants 
el^mentaires. 

"  XJn  corps  ainsi  constitu6  n'aura  pas,  en  g^n^ral,  de  magn^tisme 
libre,  paixseque  les  axes  magn^tiques  des  molecules  seront  dirig^s  dans 
tons  les  sens  et  maintenus  dans  leurs  positions  respectives  par  les 
forces  mol^culaires.  Mais  une  force  magn^tique  ext6rieure,  telle  qu*ane 
h61ice  ou  passe  un  courant,  leur  donnera  une  direction  g^n^rale. 

"  En  poursuivant  cette  hypothfese,  M.  Weber  a  reussi  i  expliqner 
th^oriquement  racci*oisementde  la  magn^tisme  d'une  barre  soumise 
k  rinfluence  d'une  h61ice  aimant^e  jusqu'a  un  maximum. 

"  Nous  supposons,  en  outre,  que  les  molecules  dans  leur  mouvement 
eprouvent  une  certain  resistance  qui  les  emp^che  de  snivre  complete- 
ment  Tinfluence  des  forces  qui  agissent  sur  elles." 

In  my  preliminary  note  1  gave  the  forpaulated  results  of  a  length- 
ened series  of  researches  upon  magnetism  by  the  aid  of  the  induction 
balance.  As  these  agree  in  all  important  points  with  the  theory  of 
De  la  Rive,  1853, 1  do  not  wish  it  to  be  considered  as  a  new  theory 
or  conception  of  molecular  rotation,  but  as  a  theory  based  entirely 
upon  researches  into  all  the  conditions  of  magnetism,  and  one  which 
clearly  defines  the  conditions  of  polarity  and  neutrality. 

Gilbert,  1600,  remarked  the  inflaenco  of  torsion,  stress,  and  vibra- 
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tions  upon  magne<d8m,  since  which  time  niimeroiiB  researches  have 
been  made  by  means  of  torsion. 

Matteocci*  employed  indnctioQ  onrrents,  by  means  of  which  he 
observed  that  mechanical  strains  increased  or  decreased  the  magnetism 
of  a  bar  of  iron. 

Wertheimf  published  a  long  series  of  most  remarkable  experiments, 
in  which  he  clearly  proves  the  inflaence  of  torsion  upon  the  increment 
or  decrement  of  a  magnetic  wire. 

Wiedemann!  published  his  interesting  experiments  upon  torsion*- 
flexion  in  relation  to  magnetism,  and  in  his  remarkable  work,  "  Qalva- 
niamus/'  1861,  relates  his  discovery  of  magnetism  produced  in  an  iron 
wire  upon  the  passage  or  after  of  an  electric  current.  He  also  gives 
a  molecular  theory  of  magnetism,  similar  to  that  of  De  La  Bive,  1853, 
except  that  Wiedemann  supposes  that  neutrality  is  the  result  of  a 
heterogeneous  arrangement,  thus  differing  completely  from  the 
symmetrical  neutrality  that  I  have  defined. 

Villari§  showed  increase  or  diminution  of  magnetism  by  longitu* 
dinal  puU  according  as  the  magnetising  force  is  less  or  greater  than  a 
certain  value. 

Gore,  II  in  nnmerous  interesting  experiments,  shows  the  influence  of 
electric  torsion  and  the  identity  of  molecular  sounds. 

Sir  W.  Thomson,^  in  a  remarkable  paper,  shows  the  critical  value 
of  the  magnetisation  of  iron,  nickel,  and  cobalt  under  varying  stress, 
and  also  the  effects  of  longitudinal  as  well  as  transversal  strain  upon 
its  electric  conductivity. 

Tomlinson**  has  recently  shown  completely  the  influence  of  strain 
upon  the  conductivity  of  all  metals,  and  that  strain  produces  a  mole* 
calar  change  in  their  structure. 

These  employed  each  a  somewhat  difierent  method,  either  by 
primary  or  secondary  currents  acting  upon  a  galvanometer  or  the 
action  of  magnetism  upon  a  magnetic  needle. 

This  fleld  of  research  has  been  so  thoroughly  examined  that  I  should 
have  hesitated  before  trying  to  reproduce  the  results  by  ordinary 
or  similar  means.  The  induction  balance,  however,  seemed  to  me 
peculiarly  adapted,  from  its  extreme  sensitiveness  to  molecular  changes 
of  structure,  to  analyse  such  changes  as  are  produced  by  magnetism. 
I  have  put  its  powers  to  use  in  the  following  researches,  and,  as  I 
have  necessarily  studied  all  the  phases  of  magnetism,  I  have  been 

*  "  Compt.  Bend.,"  t.  xxir,  p.  801, 1847. 

t  "Ann.  de  Chim.  et  de  Phys.,"  (3),  1. 1,  p.  385,  1857. 

J  "  ArchiTee,"  t.  xxxv,  p.  39,  et  tome  ii  (nouv.  p^riode),  p.  300. 

S  "  PoggendorfFs  Annalen,"  1868. 

II  **  Phil.  Trans.,"  1874. 
IT  "  Phil.  Trans.,"  p.  66, 1879. 
**  "  Phii  Trans.,"  Part  I,  1883. 
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obliged  to  use  similar  means,  sach  as  torsion,  and  also  what  would  be 
a  repetition  of  several  experiments  tried  long  sinoe  by  others,  if  it  was 
not  for  the  fact  that  the  induction  balance  enabled  me  to  observe  all 
the  effects  of  stress  on  iron  by  means  far  more  sensitive  than  any 
hitherto  employed,  and  notice  effects  which,  without  its  aid,  would 
pass  unperceived.  Some  idea  of  this  eztreme  sensitiveness  may  be 
inferred  from  the  fact  that  if  we  balance  two  pieces  of  iron  to  a  com- 
plete zero,  the  addition  or  subtraction  of  the  g^^^o^a  part  of  iron, 
or  the  smallest  filing  to  a  large  balanced  mass  of  iron,  will  give  out  at 
once  loud  tones,  which  we  can  measure  and  appreciate. 

In  my  previous  experiments  upon  molecular  magnetism  I  made  use 
of  an  iron  wire,  but  I  have  found  that  in  all  experiments  upon 
magnetism  it  is  far  preferable  to  use  thin  flat  strips,  known  as  hoop- 
iron  ;  as  we  can  then  have  any  desired  amount  of  surface  in  the  form 
of  a  thin  flat  bar. 

Jamin  had  previously  recog^ed  the  importance  of  using  thin  and 
wide  steel  pieces  for  his  well-known  magnets.  We  can  easily  mag- 
netise them  to  saturation,  and  where  torsion  is  applied  the  contour  of 
the  spiral  becomes  visible.  .  Again,  not  only  is  the  magnetism  more 
equally  distributed  throughout  their  mass,  but  we  are  enabled  to 
study  the  conditions  of  neutrality  without  the  constant  hindrance  of 
superposed  magnetism,  as  we  constantly  find  in  the  case  of  a  wire  or 
bar  of  iron. 

I  cannot,  within  the  Hmits  of  this  paper,  describe  all  the  iwied 
forms  of  coils  and  methods  of  obtaining  perfectly  defined  aeroe, 
which  are  necessary  in  any  varied  research  with  the  induction  balance ; 
description  of  some  of  these  will  be  found  in  my  already  published 
papers.  I  will  now  describe  a  simple  form  which  will  suffice  for  the 
experiments  herein  mentioned,  and  the  following  diagram  shows  its 
electrical  communications. 

A  coil,  having  a  large  apertnre,  is  fixed  to  a  board;  two  small 
abutments  or  supports.  A' A'',  at  a  few  inches  distance  on  each  side  of 
the  coil,  allow  us  to  suspend  or  fix  an  iron  band  or  strip  passing 
through  the  aperture,  which  then  becomes  the  core  of  an  electro- 
magnet. This  forms  the  essential  portion  of  the  apparatus.  The 
iron  or  copper  strip  rests  upon  the  two  supports  A!A!\  which  are 
20  centims.  apart ;  at  one  of  these  it  is  firmly  clamped  by  two  binding 
screws,  while  the  opposite  end  at  A''  can  turn  freely.  The  strip  of 
iron  J' J'',  npon  which  the  researches  are  made,  is  22  centims.  long, 
and  of  any  desired  width  and  thickness ;  it  is  fastened  by  means  of  a 
binding  screw  B"  to  the  projecting  end  of  an  axle,  which  has  a  key 
or  arm  G,  serving  as  a  pointer  moving  npon  a  circle,  and  giving  the 
degree  of  torsion  which  the  wire  may  receive ;  a  binding  screw 
allows  us  to  fasten  the  wire,  after  turning  the  pointer  to  any  degree 
of  torsion,  and  thus  preserves  the  required  stress  as  long  as  is  necessary. 
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The  exterior  diameter  of  the  coil  D  is  5^  centims.,  and  that  of  the 
interior  vacant  aperture  3^  centims.,  the  width  is  2  centims.  Upon 
tliis  coil  is  wound  200  metres  of  No.  28  silk-covered  copper  wire.  A 
compensating  coil  E,  whose  wires  are  (when  at  zero)  perpendicular  to 
the  coil  D,  can  be  rotated  upon  its  axle  F  by  means  of  its  index  lever 
arm  G,  moving  over  a  graduated  circle  not  shown  in  the  diagram 
The  two  coils  D  and  E  are  affixed  to  the  same  piece  of  board,  but 
independent  of   the  board  upon  which  rest  the  abutments  A' A'',  so 
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that  they  can,  as[desired,  he  mo^ed  to  any  portion  of  the  strip  of  iron^ 
in  order  that  different  portions  of  the  same  strip  may  he  tesfced  nndei^ 
a  similar  stress. 

The  coil  D  is  joined  to  a  telephone  J  or  a  sensitive  galvanometer, 
whose  terminals  are  reversed  at  each  make  and  hreak  of  the  cnrrent^ 
and  we  may.  either  pass  the  cnrrent  in  the  manner  descrihed  or  may 
reverse  all  the  communications,  passing  the  current  through  the  ooil 
instead  of  the  wire,  and  listening  with  the  telephone  to  the  induced 
surrent  upon  the  iron  wire  alone. 

The  phenomenon  of  molecular, movement  upon  the  passage  of  an 
electric  current  through  a  wire  or  a  coil  surrounding  a  bar  of  iron 
was  discovered  by  Page,  1837,  and  De  La  Kive  published  several 
memoirs  on  this  subject  in  the  "  CJomptes  Elendus,"  1846,  wherein  he- 
not  only  clearly  demonstrates  the  molecular  cause  of  the  sounds 
emitted  at  each  change  of  the  current,  but  also  foreshadowed  the 
theory  which  he  published  later  in  his  "  Treatise  on  Electricity,"  1853. 
These  movements  have  since  been  studied  in  a  variety  of  ways,  and 
by  different  methods,  but  they  are  all  based  upon  the  discovery  of  Page ;. 
as  these  sounds  accompany  all  the  rotations  produced  by  torsion,  in 
many  cases  too  feeble  to  be  heard,  but  becoming  clearly  audible  by 
means  of  the  microphone. 

In  my  paper  on  '*  Molecular  Magnetism,**  1881,  I  proved  by  three 
different  methods  the  identity  of  these  sounds  with  all  the  phe- 
nomena of  rotation.  In  the  induction  balance  we  observe  only  by  the^ 
angular  displacement  of  the  molecules  upon  its  wire  or  strip  of  iron^ 
reacting  both  upon  its  own  wire  and  the  exterior  coil ;  and  the 
currents  obtained  from  1  centinu  length  of  wire  are  sufficient  to  be 
clearly  heard  in  the  telephone  held  10  centims.  distant  from  the  ear,, 
and  this  with  a  feeble  current  of  one  Daniell  element ;  under  these 
conditions  we  hear  no  sounds  in  the  wire  itself,  but  they  at  once 
become  audible  by  increasing  the  electric  current  or  by  the  use  of  the- 
microphone.  We  cannot,  however,  analyse  sounds  obtained  in  this 
way,  nor  can  we  perfectly  analyse  the  induced  currents  which 
Matteucci  was  the  first  to  obtain,  unless  we  reduce  them  to  a  zero- 
by  an  induction  balance,  a  zero  from  which  it  is  perfectly  easy  to- 
perceive  and  measure  the  slightest  change  in  the  molecular  structure. 

Before  relating  a  few  of  the  representative  experiments,  and  in 
order  to  avoid  repetition,  I  will  repeat  the  theory  I  gave  in  my  pre- 
liminary note,  based  entirely  upon  researches  on  magnetism  by  the 
aid  of  the  induction  balance. 

Theory  of  Magnetism, 

1.  That  each  molecule  of  a  piece  of  iron,  steel,  or  other  magnetic 
metal  is  a  separate  and  independent  magnet,  having  its  two  polea 
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and  distribntion  of  magnetic  polarity  exactly  the  same  as  its  total^ 
eyident  magnetism  when  noticed  upon  a  steel  bar  magnet. 

2.  That  each  molecule  can  be  rotated  in  either  direction  upon 
its  axis  by  torsion,  stress,  or  by  physical  forces,  snch  as  magnetism  and 
electricity. 

3.  That  the  inherent  polarity  or  magnetism  of  each  molecule  is  a 
constant  quantity  like  gravity ;  that  it  can  neither  be  augmented  nor 
destroyed. 

4.  That  when  we  have  external  neutrality,  or  no  apparent  magne- 
tism, ihe  molecules  and  their  polarities  arrange  themselves  so  as  to- 
satisfy  their  mutual  attraction  by  the  shortest  path,  and  thus  form  a 
complete  closed  circuit  of  attraction. 

5.  That  when  magnetism  becomes  evident,  the  molecules  and  their 
polarities  have  all  rotated  symmetrically  in  a  given  direction,  pro- 
ducing a  north  pole  if  rotated  in  this  direction  as  regards  the  piece  of 
steel,  or  a  south  pole  if  rotated  in  the  opposite  direction.  Also,  that 
in  evident  magnetism,  we  have  still  a  symmetrical  arrangement,  but 
one  whose  circles  of  attraction  are  not  completed  except  through  an 
external  armature  joining  both  poles. 

Experimental  Evidences. 

If  in  the  induction  balance  already  described  we  place  an  iron  strip 
1  or  2  centims.  in  width 'by  J  millim.  thickness,  and  pass  rapid 
intermittent  currents  through  it  by  means  of  the  rheotome  I,  there  is- 
no  induced  current  upon  the  coil  D,  as  long  as  this  strip,  rod,  or  iron 
wire  is  entirely  free  from  torsion,  bat  the  instant  we  apply  the 
slightest  torsion  upon  it  by  means  of  its  key  C,  a  very  strong  induced 
current  in  the  coil  gives  loud  tones  in  the  telephone,  which  we  can 
reduce  to  zero,  and  measure  by  the  compensating  coil  E. 

The  phenomenon  has  this  remarkable  character :  that  a  torsion  of 
but  3^  part  of  a  complete  turn  suffices  to  rotate  the  molecules  to- 
so  great  an  extent  as  to  be  almost  at  the  maximum  of  rotation  that 
can  be  produced  by  torsion.  I  have  demonstrated  in  previous  papers* 
the  phenomenon  of  molecular  rotation,  and  that  the  induced  currents 
so  obtained  are  not  direct  from  the  central  rod  or  wire  to  the  coil,  as 
the  wires  of  the  coil  are  perpendicular  to  the  strip  or  rod  of  iron,  and 
consequently  at  the  zero  of  inductive  effect ;  the  induction  from  the 
central  core  upon  the  coil  takes  place  through  the  medium  of  the* 
rotated  molecules  whose  angular  displacement  allows  its  reaction,  both 
upon  the  coil  and  its  central  conducting  strip,  rod,  or  iron  wire ;  s^ 
similar  effect  would  take  place  if,  instead  of  the  rotated  molecules,, 
numerous  oblong  piec^  of  iron  were  rotated  to  a  similar  angle  upon 
the  conducting  rod  of  iron.     The  induction  or  reaction  of  these  could 

•  "  Proo.  Boy.  Soc,"  vol. 81,  p.  525 ;  vol.  82,  pp.  26,  213, 1881. 

Digitized  by  VjOOQIC 


186  Prol.  D.  E.  Hughes.  [May  10, 

take  place  at  any  degree  whioh  is  not  parallel  or  perpendicular  to 
either  the  coil  or  its  central  conducting  core,  in  direct  proportion  to 
its  angnlar  displacement. 


The  induced    currents    from    molecular   rotation    are    extremely 
powerful  in  proportion  to  the  length  of  wire  or  strip  of  iron  acting 


Digitized  by 


Google 


1883. J        Theory  of  Magnetism  based  on  New  Researchee.  187 

upon  the  coil ;  and  tiiey  have  the  distinctiTe  feature  thai  the  maxi- 
mmn  effect  is  obtained  with  an  extremelj  feeble  torsion,  differing 
entirely  from  indnction  obtained  through  the  medium  of  the  spiralitj 
or  increased  parallelism'  of  the  condaoting  wire  in  relation  to  the 
secondary  coil,  as  the  effect  here  is  a  g^radnally  increasing  force,  and 
exceedingly  feeble  at  the  degree  of  torsion  sufficient  to  produce  the 
yfif^YimiiTn  of  molecular  rotation.  Thus  we  have  a  distinct  phe- 
nomenon of  molecular  induction,  its  law  of  rapid  maximum  separating 
it  completely  ibrom  that  obtained  ibrom  non-magnetic  metals,  or  from 
apirality  of  electric  currents.  If  we  compare  the  force  obtained  by 
molecular  rotation  with  mere  spiraliiy  of  the  electric  current,  we  find 
that  ^  of  a  single  turn  giyes  the  maximum  for  iron,  whilst  for  a 
eondncting  copper  wire  it  would  require  a  spiral  of  similar  diameter 
of  fifty  whole  turns  to  equal  or  balance  the  power  obtained  from  mole- 
cular induction,  thus  the  effect  is  900  times  greater  for  the  same 
degree  of  spirality ;  and  if  we  neglect  its  distinctive  feature  of  rapid 
maximum  and  compare  it  with  ordinary  electro-magnetic  force,  we 
find  that  it  requires  upon  an  iron  core  fifteen  whole  turns  of  similar 
oondncting  insulated  copper  wires  to  produce  the  same  force ;  or  for 
the  same  degree  of  spirality  of  conducting  wires,  the  electro-magnetic 
induction  thus  formed  is  270  times  weaker  than  that  of  molecular 
induction.  Thus  we  have  not  only  its  distinctive  feature  of  rapid 
maximum,  but  an  induced  current  which  cannot  be  imitated  nor 
accounted  for  except  on  the  hypothesis  of  molecular  rotation. 

It  will  be  seen  ibrom  the  following  diagram  that  the  rotation  takes 
place  very  rapidly  with  the  first  degree  of  torsion,  and  after  20^  or 
^  oi  B,  complete  turn  shows  only  the  increased  effect  due  to 
continued  spirality. 

It  is  evident  from  the  above  diagram  that  the  molecules  are 
rotated  to  their  maximum  during  the  first  20°,  or  in  reality  during 
the  portion  within  the  limite  of  elasticity;  from  this  point  the 
molecules  become  rigid  by  the  strain  of  torsion,  and  they  are  then 
only  rotated  directly  as  the  spirality  of  the  wire  or  rod.  The  diagram 
only  shows  the  effect  of  a  right-handed  torsion,  the  opposite  tersion 
giving  equal  though  opposite  electric  currents. 

If  the  wire  is  free  from  strain,  no  increase  of  electric  current 
changes  ite  zero;  nor  does  it  while  under  tersion,  though  we  may 
then  produce  a  confused  zero,  when  a  powerful  current  is  used,  as  the 
electromagnetic  effects  from  its  centre  free  from  strain  superpose 
themselves  upon  those  due  to  rotation.  For  this  reason  we  should 
not  employ  more  than  one  small  bichromate  cell,  as  ite  most  powerful 
effecte  are  obtained  with  a  comparatively  weak  primary  current. 
*  Knowing  this,  we  observe  that,  after  the  passage  of  an  extremely 
strong  current  (which  may  be  in  the  same  or  contrary  direction),  and 
return  to   our    previous  feeble  current,  we  have  exactly  the  same 
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induced  force  as  before,  and  with  the  same  clear  zero.  Thns  the 
molecules  are  not  only  rotated  by  torsion  as  ahready  shown,  but  they 
have  an  inherent  polarity  which  cannot  be  augmented  nor  destroyed. 

We  may,  however,  increase  the  molecular  rotation  and  consequent 
force  obtained  by  the  application  of  heat,  thus  allowing  greater 
molecular  freedom.  Annealing  increases  the  effect  in  iron  in  a 
marked  degree,  and  alloying  has  a  marked  influence  in  renderiDg  the 
molecules  of  iron  more  rigid.  The  induction  balance  allows  us  to 
appreciate  this  differential  freedom  in  different  varieties  of  iron  and 
steel,  and  in  a  future  paper  I  shall  show  how  this  phenomenon  of 
rotation  can  be  applied  to  important  practical  results  by  investigatioiia 
into  the  chemical  nature  of  different  varieties  of  iron  and  steel,  and 
show  distinctly  the  separating  line  of  iron  and  steel. 

Molecular  Inertia, 

A  phenomenon  of  inertia  is  observed  in  these  experiments,  which  I 
regard  as  not  only  being  a  proof  of  rotation,  but  of  possession  by  the 
molecules  of  true  inertia.  For  when  a  slight  torsion  of  20^  has  been 
applied  to  the  strip  or  rod  of  iron,  and  we  return  it  slowly  to  its  zero^ 
of  torsion,  we  have  a  remaining  rotation  of  the  character  of  residual 
magnetism ;  this  is  generally  about  a  quarter  of  the  maximum  effecta 
and  of  the  same  polarity,  the  rod  then  requiring  a  momentary 
mechanical  vibration  iu  order  to  allow  the  molecules  freedom  to 
return,  which  they  at  once  do  to  an  absolate  zero ;  we  have  here  a 
lagging  behind  which  is  characteristic  of  inertia.  We  have,  however, 
more  evident  proofs,  for  if  instead  of  freeing  the  rod  gradually  from 
torsion,  we  allow  it  to  spring  back  suddenly,  then  the  molecules 
continue  their  rotation  by  their  acquired  velocity  far  beyond  zero^ 
producing  in  most  cases  (where  the  rod  of  iron  is  very  soft)  a 
contrary  polarity  of  fully  one-half  of  its  previous  value,  and  although 
the  rod  is  perfectly  free  from  torsion,  we  must  apply  a  slight  torsion 
in  the  previous  direction  before  obtaining  a  zero ;  we  have  here  a  zero 
under  torsion  evidently  due  to  molecular  inertia,  for  the  instant  we 
give  the  slightest  mechanical  vibration  to  the  rod,  the  moleculea 
return  to  their  true  zero,  and  now  the  slightest  torsion  produces  its 
true  polarity  as  before. 

This  inertia  is  far  greater  in  soft  iron  than  in  hard  iron  or  steely 
being  directly  proportional  to  its  softness,  the  consequence  of  this 
being  that  the  time  of  rotation  or  discharge  of  soft  iron  is  very  slow 
compared  with  that  of  steel,  and  requires  a  compensation  for  time  of 
discharge  for  each  species  of  iron.  I  have  already  mentioned  this  as  a 
difficulty  in  obtaining  true  zero  observations,  and  I  now  make  use  of 
this  very  troublesome  inertia  to  determine  at  once  the  d^^ree  of 
softness  of  any  wire  or  rod. 

We  can  understand  this  phenomenon  when  we  know  that  while  the 
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molecules  in  steel  are  ezcessiTelj  rigid,  thej  have  the  quality  of 
•elastic  rigidity,  consequently  the  elastic  pressure  which  prevented  free 
lotation  serves  to  restore  them  quickly  to  their  previous  sero,  and  also 
prevents  any  springing  past  or  rotating  from  beyond  their  true  sero. 

Effects  of  Magnetism, 

If  the  molecules  of  iron  have  inherent  polarity  and  rotate  freely 
upon  their  axes,  we  should  expect  that  we  could  rotate  them  by  the 
influence  of  an  exterior  permanent  magnet  alone,  and  this  proves  to  be 
the  case,  for  if  (when  the  rod  is  free  from  torsion  and  the  molecules 
are  at  sero)  we  approach  a  powerful  compound  permanent  magnet 
perpendicular  to  the  rod,  the  molecules  rotate  under  its  influence  as 
freely  as  we  have  seen  previously  imder  torsion.  Supposing  the 
magnet  to  be  at  20  centims.  distance,  and  that  we  gr^ually  lessen  this 
distance,  we  find  the  maximum  rotation  whilst  the  magnet  is  at 
5  centims.,  passing  this  point  it  gradually  diminishes  to  a  complete 
zero  when  distant  3  centims.  the  molecules  now  being  parallel  with  the 
rod  or  the  inducing  coil  according  to  the  direction  of  rotation,  and 
consequently  (as  before  explained)  no  induced  currents  are  possible. 
If  we  now  continue  to  approach  the  magnet,  the  molecules  are  still 
farther  rotated,  and  we  have  now  strong  induced  currents  of  the 
opposite  polarity  to  the  previous,  notwithstanding  that  the  rod  is 
evidently  magnetised  continually  in  the  same  sense. 

The  rotation  here,  with  its  zeros  and  change  of  polarity,  whilst  the  rod 
is  graduaUy  magnetised  by  increasing  degrees  of  mimetic  force,  is  due 
to  the  magnetic  influence  being  perpendicular  to  the  rod,  allowing  full 
rotation,  from  the  circular  neutrality  which  I  shall  explain  later ;  but 
if  the  magnet  is  approached  in  the  line  of  the  rod,  instead  of  perpen- 
•  dicular  to  it,  we  have  continued  increased  rotation  until  it  touches  the 
rod ;  in  this  case  we  do  not  cross  a  zero,  because  the  molecules  can 
only  turn  in  the  direction  of  saturation. 

Symmetrical  ArraiigemenU 

When  we  have  a  rod  of  soft  iron,  free  from  torsion,  it  is  perfectly 
homogeneous  in  its  structure,  and  we  have  a  complete  zero  at  all  por- 
tions of  the  wire,  rod,  or  strip  of  iron,  at  the  extremities  as  well  as  at 
the  centre.  In  order  to  observe  this  we  should  employ  a  very  narrow 
coil,  the  one  employed  by  myself  being  a  single  insulated  wire,  wound 
spirally  upon  itself  upon  a  cardboard,  being  a  marvel  of  workman- 
ship, given  me  by  Mr.  A.  Stroh  ;  by  means  of  this  coil,  whose  thick- 
ness does  not  exceed  -^  millim.,  we  can  explore  rods  of  any  length, 
And  if  any  portion  is  under  strain  we  at  once  hear  loud  tones.  Thus 
I  find  in  all  rods  that  have  not  been  annealed,  spots  or  places  show- 
ing strains  which  have  been  caused  by  their  mechanical  treatment, 
«uch  as  hammeriDg,  rolling,  or  drawing  into  wire.    We  can  by  this 
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means  not  only  perceive  the  strain  but  determine  its  direction  by  the- 
polarity  obtained.  I  have  no  doubt  but  that  some  day  this  will  be 
practicNally  applied  to  the  appreciation  of  strains  in  iron  shafts  or 
cannons. 

If  we  apply  torsion  to  a  soft  iron  rod,  we  find  the  degree  of  rotation 
equal  at  each  section  observed,  quite  independent  of  its  length,  con» 
sequently  we  find  perfect  symmetry  of  rotation  thronghout.  If  we 
ma^etise  the  rod  in  such  a  manner  as  to  leave  its  residual  magnetism 
with  several  consequent  poles,  the  portions  into  which  the  rod  is 
thus  divided  are  similar  in  their  symmetry  to  several  distinct  magneta 
with  their  similar  poles  placed  opposing  each  other,  producing^ 
reversed  induced  currents  at  each  consequent  pole. 

When  we  take  observations  by  the  induction  balance,  either  upon 
electric  conductivity  or  magnetism,  we  do  not  observe  the  efEects  as 
generally  observed  by  other  methods,  viz.,  after  the  current  has  had 
time  to  reach  its  stable  condition ;  we  really  observe  the  effects  pro- 
duced during  the  first  instant  of  time,  known  as  the  variable  period, 
observing  from  the  first  instant  of  electrical  contact  to  a  certain 
maximum,  which  can  never  be  greater  than  the  length  of  time  of 
these  contacts.  These  results  are  obtained  by  the  rapid  contacts  of 
the  rheotoroe,  producing  500  vibrations  per  second,  which  the  ex- 
tremely rapid  action  of  the  telephone  allows  us  to  appreciate.  Thus, 
the  actual  duration  of  the  electrical  contact  is  but  Tinr?  P^^  ^^  ^ 
second;  and  this  proves  the  extremely  rapid  action  of  molecular 
rotation,  as  the  effects  which  we  have  noticed  are  all  produced  in  this 
fraction  of  a  second. 

Magnetic  CondttcHon, 

The  following  experiments  were  made  by  means  of  an  indaction  • 
balance  of  four  and  three  coils,  described  fully  in  my  paper,  "  Proc- 
Roy.  Soc.,"  vol.  29,  p.  56, 1879.     The  following  diagram  shows  its 
electrical  communications. 
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In  ^g.  3,  two  flat  primary  coils  A',  A"  are  near  two  similar 
secondary  coils  B\  B",  the  distance  between  these  coils  being 
regulated  by  means  of  adjusting  screws.  The  coils  of  B',  B"  are 
wound  in  contrary  direction  to  each  other,  consequently  the  induced 
currents  in  each  coil,  if  of  equal  strength,  neutralise  each  other ;  as 
shown  by  the  arrow,  the  induced  currents  act  upon  the  telephone  G. 
The  primary  coil  A'  is  joined  through  the  battery  D  to  the  rheotome 
E  and  coil  A". 

If  we  introduce  a  wire  or  bar  of  iron  F'  in  the  coils  A^  B^  the  in- 
duced currents  are  increased  by  the  magnetic  conductivity  from 
the  upper  to  the  lower  coil,  and  as  the  coils  A',  B'  and  A",  W  can 
be  at  any  desired  distance,  or  from  1  millimetre  to  1  metre  apart, 
we  can  test  the  conductivity  of  iron  through  any  desired  length. 
If  we  introduce  into  the  second  pair  of  coils  A",  B"  a  piece  of  iron 
of  the  same  form,  size,  and  molecular  structure  as  that  already 
in  A',  B',  its  effect  on  induced  currents  equals  those  of  the  first  pair 
of  coils  and  we  have  a  perfect  zero,  but  in  practice  we  find  that  there 
is  always  some  slight  difference,  even  when  the  pieces  are  cut  off  the 
same  bar;  we  have  to  compensate  for  this  diffei*ence,  and  thus 
measure  the  differential  structure. 

In  fig.  4  we  have  three  coils,  being  the  form  adopted  in  my  sono- 
meter ;  the  secondary  coil  B  being  equidistant  from  the  primary  coils 
A',  A",  acts  upon  the  secondary  coil  in  reversed  direction,  consequently 
a  perfect  zero  of  effect  is  found  whenever  the  action  of  A'  equals  that 
of  A",  and  this  can  be  easily  found  by  displacing  either  coil.  If  we 
introduce  a  bar  of  iron  between  the  coils  A'  and  B,  the  balance  no 
longer  exists,  owing  to  the  greater  electromagnetic  conductivity  on 
that  side,  but  if  the  bar  of  iron  F'  F'^  is  passed  through  the  centre  or 
axis  of  all  the  coils,  as  shown  in  the  diagram,  we  have  no  effect 
except  that  due  to  a  differential  conducting  power  on  one  of  its  sides, 
the  direction  and  force  of  which  can  be  found  by  the  amount  of  dis- 
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placement  of  the  coil  B  necessary  to  find  a  isero.  Thus,  we  can  at 
once  find  the  slightest  strain  or  fissure,  such  as  partial  rupture  in  iron 
rods  of  any  size  or  form.  The  coils  may  be  close  together  or  widely 
separated,  and  would  find  a  practical  applicatiou  if  applied  to  shafts 
undergoing  constant  strain,  such  as  the  screw  shaft  of  steamboats. 

The  balance  shown  in  fig.  3  is  the  one  I  generally  employ,  and  is 
preferable  for  the  following  experiments. 

If  we  take  a  flat  disk  of  iron  similar  in  form  to  our  usual  current 
-coins,  we  find  that  if  it  is  placed  flat  on  or  parallel  with  the  coils,  we 
have  a  great  reduction  of  induced  currents  upon  the  pair  of  coils  in 
which  it  is  placed,  due  to  the  energy  expended  in  creating  the 
-^^  Arago  "  circular  currents,  and  its  action  then  is  precisely  similar  to 
copper  or  all  non-magnetic  metals,  but  if  this  disk  is  revolved  90°,  or 
placed  perpendicular,  it  then  acts  simply  as  a  magnetic  body  and 
similar  to  the  bar  of  iron  F ;  the  induced  currents  on  its  pair  of  coils 
tire  strengthened  by  the  reaction  of  its  electro-magnetic  conductivity. 

That  conduction  itself  is  due  to  molecular  rotation  is  proved  by  the 
&ct  that  soft  iron  shows  a  far  higher  conductivity  than  hard  iron  or 
fiteel ;  we  observe  here  the  same  results  of  freedom  and  rigidiiy,  and 
all  the  previous  effects  of  rotation  are  again  repeated  as  conduction. 
Soft  Swedish  charcoal  iron  shows  such  a  marked  superiority  over  all 
•other  irons  and  steel,  as  regards  its  power  or  the  force  obtained,  that  1 
feel  convinced  that  the  same  superiority  would  be  shown  by  its  use  for 
the  cores  of  all  electro-magnets,  particularly  those  of  telegraph  in- 
struments, where  rapid  action  and  the  maximum  of  force  obtainable 
from  a  feeble  current  are  required. 

Faraday  showed  that  iron  loses  its  magnetic  force  at  red-yellow 
heat,  and  the  induction  balance  is  peculiarly  adapted  for  investigating 
this  phenomenon.  If  we  place  an  iron  wire  or  rod,  as  at  F,  we  find 
on  heating  it  that  its  conductivity  gradually  rises,  being  at  black  heat, 
just  before  the  visible  red,  doable  of  that  noticed  at  the  ordinary 
temperature,  being  a  similar  result  to  that  previously  noticed  with  the 
odngle  coil  balance.  But  if  we  increase  the  heat  until  the  rod  becomes 
red-yellow,  all  conductivity  iustantly  vanishes  and  the  iron  apparently 
has  lost  all  its  powers,  being  then  similar  to  a  piece  of  copper  or  other 
non-magnetic  metal ;  what  takes  place  is,  however,  not  destruction, 
for,  at  red  heat,  its  inherent  polarity  reappears  instantly  with  its  full 
previous  force.  There  seems  no  gradual  diminution  or  reappearance 
of  its  polarity,  it  is  sadden  and  apparently  instantaneous,  its  time  of 
action  being  less  than  the  -^^  part  of  a  second.  The  induction 
balance  will,  no  doubt,  in  the  future,  enable  me  to  investigate  this 
phenomenon. 

I  find  that  the  conducting  power  of  soft  iron  is  greatly  reduced  by 
m^etising,  generally  one-fourth  of  its  total  conductivity,  the 
J^idual  magnetism  being  in  reality  a  partial  rotation,  thus  reducing 
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the  available  total  amount  of  rotation.  This  is  so  evident  from  a 
series  of  experiments  I  have  made  on  this  subject,  that  I  can  safely 
predict  that  if  an  iron  wire  could  be  held  charged  to  mag^netic  satura- 
tion, we  should  obtain  no  conduction  whatever,  and  its  action  as 
r^ards  the  production  of  indaced  currents  would  be  similar  to  copper  ; 
or,  if  the  rotation  were  already  complete  and  rigid,  we  should  have  no 
magnetic  conductivity.  We  can  observe  this  partial  rotation  in  an 
iron  rod,  whose  conductivity  has  been  reduced  by  magnetising,  as  we 
have  only  to  vibrate  the  wire,  its  molecules  being  rendered  free 
instantly  return  to  zero,  and  we  have  its  previous  full  conducting 
powers. 

The  slightest  torsion  also  reduces  its  condactivity,  the  greatest 
effect  being  on  the  first  few  degrees  of  torsion  ;  thus  torsion  not  only 
rotates  the  molecules  during  its  elastic  stage,  but  holds  them  im- 
prisoned or  fixed  as  rigidly  as  in  hard  iron  or  steel. 

This  form  of  induction  balance  allows  us  to  demonstrate  that 
polarity  apart  from  the  molecules  does  not  exist.  For  if  we  balance 
one  pole  of  a  long  magnetised  iron  or  steel  bar,  we  find  the  same  con- 
ductivity for  either  pole,  and  the  induced  currents  obtained  are  all  in 
one  direction,  no  matter  if  the  coils  act  upon  either  pole  or  the 
apparent  neutral  centre;  thus  it  is  impossible  with  this  form  of 
balance  to  peroeive  any  difEerence  between  north  or  south  polarity. 
All  that  we  observe  is  the  degree  of  rotation  of  the  inherent  polarised 
molecules,  and  that  this  is  symmetrical  throughout  is  shown  by  the 
equal  conducting  power  of  all  parts  of  a  magnetised  rod. 

This  form  of  induction  balance  also  shows  that  the  conducting 
powers  of  a  bundle  of  fine  iron  wires  and  thin  flat  strips  are  equal, 
the  thin  band  or  strip  of  iron  being  superior  to  the  fine  wires  if  they 
are  closely  pressed  together,  as  the  maximum  of  induced  rotative 
effect  in  all  magnetic  bodies  is  at  or  near  the  surface,  couseqaently,  a 
tube  of  iron  will  give  greater  power  for  a  feeble  force  than  a  solid  bar. 

The  time  of  discharge  during  which  the  molecules  rotate  or  return 
to  zero  is  comparatively  short  in  bundles  of  loose  iron  wires,  flat 
strips,  and  thin  tubes,  but  exceedingly  slow  in  solid  bars.  This  con- 
firms the  results  obtained  by  other  methods,  and  which  have  already 
received  practical  application. 

Visible  Effects  of  Magnetism. 

I  have  been  able  to  repeat  the  greater  portion  of  my  researches 
with  the  induction  balance,  by  simply  observing  the  effects  produced 
by  magnetising  iron  and  steel  upon  a  magnetic  direction  needle 
according  to  the  indications  already  given  by  the  balance;  by  this 
means  we  are  enabled  to  render  visible  most  of  the  effects,  but  cannot 
so  well  determine  the  cause  ;  in  fact,  without  the  aid  of  the  induction 
balance  all  researches  upon  magnetism  must  remain  incomplete.     We 
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can,  however,  perceive  the  result  of  a  supposed  cause,  and,  as  De  la 
Rive  has  done,  base  a  theory  upon  molecular  rotation ;  but  if  we  have 
previously  analysed  these  movements  by  the  aid  of  the  induction 
balance,  the  following  experiments  will  render  visible  effects  due  to 
molecular  rotation. 

The  apparatus  needed  is  simply  a  good  compound  horseshoe 
permanent  mi^et,  15  centims.  long,  having  six  or  more  plates, 
giving  it  a  total  thickness  of  at  least  3  centims.  We  need  a  suffi- 
ciently powerful  magnet,  as  I  find  that  I  obtain  a  more  equal 
distribution  of  magnetism  upon  a  rod  or  strip  of  iron  by  drawing  it 
lengthwise  over  a  single  pole,  in  a  direction  from  that  pole  as  shown  in 
fig.  5,  as  we  can  then  obtain  saturation  by  repeated  drawings,  keeping 
the  same  molecular  symmetry  in  each  experiment.  A  few  well 
suspended  magnetic  needles  of  difierent  powers  are  required,  and  as 
the  needle  itself  induces  magnetism,  all  observations  should  be  made 
as  far  as  possible  by  means  of  repulsion,  repulsion  being  the  only 
certain  test  (whenever  the  magnetism  is  feeble)  that  the  iron  or 
steel  possesses  independent  polariiy  from  that  induced  by  the 
needle. 

We  should  have  also  several  flat  strips  of  hoop-iron  or  thin  band- 
iron,  varying  in  width  from  1  to  3  centims.,  and  at  least  30  centims. 
long,  in  order  to  observe  one  polarity  free  from  the  disturbance 
caused  by  the  other.  I  find  rode  ^  millim.  in  thickness  are  the  most 
easily  magnetised  to  saturation,  and  this  is  the  size  of  ordinary 
common  hoop  or  band  iron  sufficing  for  the  following  experiments. 

If  y^e  magnetise  one  of  these  rods  by  drawing  it  over  one  of  the 
poles  of  the  permanent  magnet,  we  find  that  it  is  strongly  magnetic  ; 
bnt  if  we  apply  a  few  slight  elastic  torsions  the  magnetism  rapidly 
disappears.  This  effect  has  been  observed  and  numerous  researches 
have  been  made  on  this  eubject  since  Gilbert,  1600.  Wertheim,  1867, 
in  the  *'  Annales  de  Chimie,"  has  given  a  detailed  account  of  his 
experiments  upon  the  diminution  of  magnetism  by  torsion. 

The  diminution  depends  entirely  upon  the  freedom  of  its  molecules, 
for  if  we  take  a  pure  Swedish  charcoal  iron  well  annealed,  a  single 
slight  torsion  completely  renders  the  rod  free  from  magnetism,  the 
molecules  at  once  rotate  to  neutrality.  I  have  in  my  possetssion,  and 
"Nvill  demonstrate  with  it  at  the  reading  of  this  paper,  a  soUd  bar  of 
iron,  2  centims.  diameter,  40  centims.  in  length,  which,  when  strongly 
magnetised,  and  acting  strongly  upon  the  magnetic  direction  needle, 
loses  instantly  all  its  apparent  residual  magnetism  by  the  simple 
torsion  produced  by  the  fingers  upon  its  surface.  Hard  tempered 
steel  loses  but  2  per  cent,  by  continuous  and  violent  torsion,  its 
molecular  rigidity  is  so  great  that  we  cannot  rotate  the  molecules  by 
any  mechanical  strains.  We  may  thus  roughly  estimate  the  degree  of 
molecular  freedom  by  the  number  of  torsions  required  to  render  it 


Digitized  by 


Google 


1383.]       Theory  of  Magnetism  based  on  New  Researches,  li)5 

neatral;  ordinary  hoop  iron  requiring  generally  eight  double  right 
and  left  elastic  torsions  before  it  is  nearly  neutral ;  there  will  be, 
however,  still  a  slight  residual  magnetism,  which  can  be  instantly 
rendered  neutral  by  a  slight  torsion  given  to  the  rod  when  held 
vertically;  or  we  may  reverse  the  residual  magnetism  by  the  same 
directive  influence  of  the  earth's  magnetism. 

I  have  found  it  convenient  to  attach  two  brass  clamp  keys  to  the 
extremities  of  the  rods,  or  simply  turn  the  ends  at  right  angles,  as 
shown  in  the  foUowing  diagram. 


Wertheim,  1857,  remarked  that  if  we  magnetise  a  wire  under 
torsion,  there  will  be  a  diminution  upon  freeing  it  from  torsion,  a 
still  g^reater  upon  giving  it  a  contrary  torsion ;  and  that  its  original 
force  is  in  a  measure  restored  by  returning  to  the  torsion  under  which 
it  was  magnetiBed,  designating  this  phenomenon  as  **  La  rotation  du 
maximum  de  magn^tisme,"  and  it  is  difficult  to  explain  this  phe- 
nomenon except  upon  the  hypothesis  of  molecular  rotation. 

Wiedemann  discovered  that  a  wire  becomes  magnetic  on  or  after 
the  passage  of  a  current,  and  in  his  "  Galvanismus  **  he  points  out  its 
molecular  character.  Sir  W.  Thomson*  expresses  his  opinion  that  the 
effects  are  due  to  the  outside  twist  of  the  wire  forcing  the  current  to 
pass  round  a  fixed  centre,  and,  consequently,  that  the  effects  can  be 
explained  as  ordinary  electromagnetism.  This  view  evidently  takes 
notice  of  the  spiral  action  of  the  current  alone.  I  have  repeated 
this  experiment,  and  find  that  the  magnetism  increases  directly  as  the 
electromotive  force,  so  it  would  be  difficult  to  infer  that  the  action 
of  the  current  is  due  to  molecular  rotation,  if  it  was  not  for  the  fact 
that  the  wire  is  magnetic  after  the  passage  of  the  current,  as  can  be 
rendered  visible  by  torsion,  consequently  I  believe  Wiedemann  was 
fully  justified  in  regarding  this  effect  as  one  of  molecular  rotation. 

Dr.  Hooke,  1684,  remarked  that  steel  or  iron  was  magnetised  when 
heated  to  redness  and  placed  in  the  magnetic  meridian.  I  have 
slightly  varied  this  experiment  by  heating^ to  redness  three  similar 
steel  bars,  two  of  which  had  been  previously  magnetised  to  saturation 
and  placed  separately  with  contrary  polarity  as  regards  each  other, 
the  third  being  neutral ;  upon  cooling,  these  three  bars  were  found  to 
have  identical  and  similar  polarity.  Thus  the  molecules  of  this 
•  "Phil.  Trans.,"  1879,  p.  65. 
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most  rigid  material — cast  steel — had  become  free  at  red  heat,  and 
rotated  under  the  earth's  magnetic  influence,  giving  exactly  the  same 
force  on  each,  consequently  the  previous  magnetisation  of  two  of  these 
bars  had  neither  augmented  nor  weakened  the  inherent  polarity  of 
their  molecules.  Soft  iron  gave  under  these  conditions  by  far  the 
greatest  force,  its  inherent  polarity  being  greater  than  that  of  steel. 

The  gradual  rotation  of  the  molecules  may  be  observed  by  strongly 
magnetising  a  soft  iron  wire.  If  we  then  pass  a  feeble  electric 
current  we  And  a  slight  diminution  of  magnetism  after  its  passage, 
and  as  we  increase  the  force  of  the  electric  current  the  molecules  almost 
entirely  rotate  to  zero ;  and  if  we  heat  the  wire  to  redness,  or  simply 
put  it  in  mechanical  vibration,  we  have  at  last  perfect  neutrality,  the 
current  having  rotated  the  molecules  as  it  does  an  exterior  needle 
perpendiealar  to  itself,  being  simply  Oersted's  discovery  of  external 
rotation  of  the  needle  applied  to  the  molecule  itself.  The  wire  when 
thus  rendered  neutral  can,  as  Wiedemann  remarked,  again  show 
evidence  of  magnetism.  The  neutrality  here  is  that  known  as  chain 
or  circular  magnetism,  each  molecule  forming  a  link  of  a  chain  whose 
circle  of  attractions  is  completed  around  the  axis  of  the  wire 
through  which  the  current  has  passed. 

In  order  to  perceive  the  change  of  polarity  which  torsion  produces 
when  an  electric  current  is  passing  through  an  iron  wire,  the  wire,  which 
may  be  2  millims.  diameter,  and  40  centims.  in  length,  should  be  placed 
horizontally  east  and  west,  the  centre  of  the  wire  being  3  or  moi^ 
centims.  above  the  axis  of  the  needle,  thus  differing  completely  from  the 
position  of  the  wire  in  Oersted's  discovery,  as  in  the  latter  case  the 
maximum  rotation  is  obtained  when  the  wire  is  parallel  with  the  needle ; 
but  in  the  following  experiments  the  maximum  effect  is  obtained  when 
the  needle  is  at  right  angles  to  the  condncting  wires,  and  none  what- 
ever if  parallel,  its  action  being  perpendicular  to  the  exterior  rotations 
of  Oersted's  discovery ;  and  a  similar  phenomenon  will  be  observed  in 
all  the  rods  mentioned  later  in  the  case  of  superposed  magnetism. 

An  iron  wire,  under  the  conditions  above  mentioned,  shows  strong 
north  or  south  polarity  by  a  left  or  right  handed  elastic  torsion  ;  and 
if  we  leave  the  wire  with  a  slight  remaining  permanent  torsion, 
producing  movement  of  the  needle  to  the  left,  it  diminishes  upon 
breaking  the  electric  circuit,  and  increases  to  its  previous  value  on 
re-establishing  the  current ;  this  is  due  to  a  slight  mechanical  mole- 
cular twist.  If  we  now  magnetise  this  rod  slightly  in  a  contrary 
direction  (the  needle  then  having  a  movement  to  the  right)  we  find 
that  upon  re-establishing  the  current  it  now  increases  the  ri^t 
deflection.  Thus  the  slight  magnetism  has  completely  reversed  the 
influence  of  the  previous  mechanical  torsion. 

The  question  here  arises,  have  we  rotated  the  molecules  from  their 
previous  position,  or  is  it  simply  the  impaction  of  magnetism  considered 
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apart  from  molecnlar  rotation,  which  has  changed  the  spiral  direction 
of  the  electric  current  ?  The  answer  to  this  is  most  clear — that  it  is 
entirely  dne  to  molecular  rotation.  K  the  wire  is  perfectly  neutral, 
we  obtain  by  the  current  of  one  half- pint  bichromate  cell  45°  deflec- 
tion of  the  needle  to  the  left  for  a  left-handed  torsion,  and  a  similar 
degree  to  the  right  for  a  right-handed  torsion,  depending  altogether 
upon  the  softness  of  the  iron  for  the  degree  of  force  obtained,  but  in 
all  cases  perfectly  equal  on  each  side.  If  we  magnetise  the  wire  so 
that  it  produces  about  ^^'^  to  the  right,  then  a  torsion  to  the  right 
prodnces  no  effect  whate7er;  the  molecules  have  already  rotated  to 
the  degree  which  mechanical  torsion  could  produce,  and  torsion  aided 
by  the  electric  current  can  produce  no  further  rotation.  The  left-hand 
torsion,  however,  preserves  its  full  maximum  effect,  and  restores  the 
molecules  to  their  previous  position.  If  again  we  magnetise  the  wire 
to  saturation,  so  that  the  needle  is  violently  moved  to  the  right, 
having  80°  or  more  deflection,  then  the  right-hand  torsion,  instead  of 
augmenting  it,  instantly  reduces  the  deflection  to  45°,  being  the 
maximum  allowed  by  a  right-handed  torsion.  We  have  here,  in  the 
case  of  an  electric  spiral,  decreased  effects  from  an  increased  me- 
chanical torsion  in  the  same  direction,  and  the  experiment  clearly 
shows  the  rotation  of  the  molecules  independent  of  mechanical  direc- 
tive action. 

Being  desirous  of  noticing  the  effects  of  powerful  electric  currents, 
Dr.  Warren  De  La  Bue,  F.B.S.,  kindly  aided  me  by  passing  a  current 
from,  his  well-known  chloride  of  silver  battery  through  iron  and  steel 
wires.  A  condenser,  42*8  microfarad  capacity,  charged  by  3,360  cells, 
was  used.  We  flrst  passed  this  enormous  electric  charge  longitudinally 
through  the  permanent  magnet  I  have  described,  flg.  5,  completely 
destroying  its  evident  polarity  by  rotating  the  molecules  to  neutrality. 

This  experiment  was  followed  by  discharging  the  condenser  through 
magnetised  and  neutral  steel  knitting  needles  with  a  similar  result. 
Many  authors  have  stated  that  a  steel  wire  or  needle  became  mag- 
netised  by  the  charge  from  a  Leyden  jar,  and  as  this  is  contrary  to  the 
neutrality  I  have  spoken  of,  we  continued  the  experiments  with  a  view 
to  determine  the  conditions  of  such  magnetic  effects.  We  have  found 
that  the  magnetisation  supposed  to  be  the  result  of  the  electric  spark 
is  in  reality  due  to  the  direction  in  which  the  needle  lies  at  the  time  of 
the  passage  of  the  spark.  Thus  wires,  when  held  perpendicular  to  the 
magnetic  meridian,  or  east  and  west,  became,  perfectly  neutral,  even 
when  previously  strongly  magnetised;  but  if  they  were  held  in  the 
magnetic  meridian,  a  feeble  magnetism  was  always  produced,  the 
direction  of  which  was  due  entirely  to  the  earth's  polarity,  and  had  no 
relation  whatever  with  the  direction  of  the  current.  If,  however,  the 
wires  were  twisted,  as  in  a  rope,  then  we  had  electromagnetic  effects, 
due  to  the  direction  of  the  twist  and  current. 
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Similar  but  stronger  eflTects  were  observed  on  soft  iron  wires.  A 
nentral  iron  wire,  3  millims.  diameter  and  40  centims.  in  leng^,  was 
held  verticallj,  to  represent  a  lightning-rod,  the  enormons  spark  or 
charge  from  the  condenser,  charged  by  the  3,360  cells,  striking  its 
npper  portion.  This  rod  became  invariably  magnetised  by  the  earth's 
directive  influence,  its  npper  portion  being  in  all  cases  south  and  its 
lower  north.  The  magnetism,  however,  was  comparatively  feeble,  and 
only  equal  to  that  obtained  on  the  same  wire  by  mechanical  vibrations 
caused  by  repeated  blows  on  the  upper  portion  of  the  wire  with  a 
wooden  mallet.  From  these  experiments  we  draw  the  conclusion  that 
every  lightning-conductor  must  be  magnetised,  but  that  if  it  is  without 
spirality  the  magnetism  can  never  be  greater  than  that  due  to  the 
directive  influence  of  terrestrial  magnetism. 

If  we  could  destroy  or  change  the  inherent  polarity  of  iron,  we 
should  expect  to  find  traces  of  it  in  wires  which  had  been  submitted 
to  such  an  enormous  electric  current,  but  the  wires  thus  acted  upon 
remain  similar  in  every  respect  to  ordinary  iron  wires,  their  polarity  for 
a  given  force  and  their  neutrality  being  similar  in  nature  and  degree ; 
consequently  the  inherent  magnetic  polarity  has  not  been  changed  or 
destroyed. 

NMrality, 

The  induction  balance  is  affected  by  three  distinct  arrangements  of 
molecular  structure  in  iron  and  steel,  by  means  of  which  we  have 
apparent  external  neutrality. 


In  fig.  6,  at  A,  we  have  neutrality  by  the  mutual  attraction  of  each 
pair  of  molecules,  being  the  shortest  path  in  which  they  could  satisfy 
their  mutual  attractions.  At  B  we  have  the  case  of  superposed  mag- 
netism of  equal  external  value,  rendering  the  wire  or  rod  apparentiy 
neutral,  although  a  lower  series  of  molecules  are  rotated  in  the  oppo- 
site direction  from  the  upper  series,  giving  to  the  rod  opposite  and 
equal  polarities.  At  C  we  have  the  molecules  arranged  in  a  circular 
chain  around  the  axis  of  a  wire  or  rod  through  which  an  electric 
current  has  passed.  At  D  we  have  the  evident  polarity  induced  by 
the  earth's  dii*ective  influence  when  a  soft  iron  rod  is  held  in  the 
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magnetic  meridian.  At  E  we  have  a  longitudinal  nentralitj  produced 
in  the  same  rod  when  placed  magnetic  west,  the  polarity  in  the  latter 
case  being  transversaL 

In  all  these  cases  we  bave  a  perfect  symmetrical  arrangement,  and 
I  have  not  yet  found  a  single  case  in  well-annealed  soft  iron  in  which 
I  conld  detect  a  heterogeneous  arrangement,  as  Wiedemann  supposes, 
in  tiie  case  of  neutrality. 

We  may  obsenre  this  symmetry  without  the  aid  of  the  induction 
balance;  for,  if  we  magnetise  a  rod  under  torsion  (which  we  have 
already  shown  produces  an  ultimate  rigidity),  and  obsenre  the  effects 
upon  a  directrre  needle,  we  find  that  every  portion  is  equally  mag- 
netised, and  in  the  same  symmetrical  arrangement  of  its  moleculeR. 
We  can  also  observe  the  probable  existence  of  the  double  molecule,  A, 
%•  ^9  ^7  magnetising  a  rod  with  feeble  magnetic  power.  We  then 
find  a  certain  degree  of  magnetism,  which  is  of  exactly  the  same  force 
as  that  produced  when  magnetised  under  a  right-hand  torsion,  and  if 
now  we  again  magnetise  it  under  a  left-hand  torsion,  we  have  still  the 
same  force.  This,  without  the  existence  of  a  double  molecule,  would 
have  required  a  far  greater  inducing  magnetic  power  to  have  rotated 
ihe  molecules  to  the  same  degree  under  a  contrary  torsion.  The  limits 
of  tbis  paper  do  not  allow  me  to  bring  further  proofs  of  the  existence 
of  the  double  molecule,  which  the  induction  balance  plainly  indicates, 
as  it  requires  a  separate  paper  on  this  subject  alone.  If  we  consider 
the  fire  magnets  of  Dr.  Hooke,  we  know  that  we  cannot  produce 
neutrality  by  heat,  that  we  cannot  melt  or  manufiicture  iron,  except 
under  the  influence  of  the  earth's  directive  influence,  and  that  we  can 
only  produce  apparent  neutrality  by  vibrations  or  torsions,  allowing, 
by  the  molecular  freedom  thus  given,  a  complete  closed  circle  ot 
attractions,  as  at  A  or  C,  and  that  a  similar  apparent  neutrality  arises 
from  the  superposed  magnetism  of  B$.  or  the  tranversal  F,  both  of 
which  in  small  wires  or  rods  are  apparently  completely  neutral. 

We  can  produce  a  perfectly  symmetrical  closed  circle  of  attractions 
of  the  nature  of  the  neutrality  of  C,  fig.  6,  by  forming  a  steel  wire 
into  a  closed  circle,  10  centims.  diameter,  if  this  wire  is  well  joined 
at  its  extremities  by  twisting  and  soldering.-  We  can  then  magnetise 
this  ring  by  slowly  revolving  it  at  the  extremity  of  one  pole  of  a 
strong  permanent  magnet,  and  to  avoid  conseq|ient  poles  at  the  part 
last  touching  the  magnet,  we  should  have  a  graduating  wedge  of 
wood  so  that  whilst  revolving  it  may  be  gradually  removed  to  greater 
distance.  This  wire  will  then  contain  no  consequent  points  or  external 
magnetism,  it  will  be  found  perfectly  neutral  in  all  parts  of  its  closed 
circle ;  its  neutrality  is  similar  to  C,  fig.  6,  for  if  we  cut  this  wire  at 
any  point  we  find  extremely  strong  magnetic  polarity,  the  wire  being, 
magnetised  by  this  method  to  saturation  and  having  retained  (which 
it  will  indefinitely)  its  circle  of  attractions  complete. 
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My  researches  upon  the  molecnlar  structure  of  neutrality  required 
various  kinds  of  iron  and  steel ;  my  friend,  Mr.  W.  H.  Preece,  P.R.S., 
kindly  used  his  influence  with  the  wire  manufacturers  supplying  the 
Gk)vemraent  telegraphs  in  procuring  for  me  sixty  different  samples  of 
iron  and  steel  of  a  similar  gauge,  but  of  different  qualities,  as  the 
induction  balance  has  4Bmce  proved,  and  the  results  obtained  will  be 
given  in  a  future  paper  upon  the  *'  Molecular  Structure  of  Iron  and 
Steel." 

Superposed  Magnetism. 

Knowing  that  we  can  rotate  or  diminish  magnetism  by  torsion,  I 
was  anxious  te  obtain  a  complete  rotation  from  north  polarity  to 
neuti'ality,  and  from  neutrality  to  south  polarity,  or  to  completely 
reverse  magnetic  pcdarity  by  a  flight  right  or  left  torsion. 

I  have  succeeded  in  doing  this  and  obtaining  strong  reversal  of 
polarities,  by  superposing  one  polarity  given  whilst  the  rod  is  under  a 
right  torsion  with  another  of  the  opposite  polarity  given  under  a  left 
torsion,  the  neufcral  point  then  being  when  the  rod  is  free  from  torsion. 
The  rod  should  be  very  strongly  -magnetised  under  its  first  or  right- 
hand  torsion,  so  that  its  interior  molecules  are  rotated,  or,  in  other 
words,  magnetised  to  saturation.;  the  second  magnetisation  in  the 
contrary  sense  and^torsion  should  be  ioebler,  so  as  only  to  magnetise 
the  surface,  or  not  more  than  one-half  its  depth;  these  can  be  easily 
adjusted  to  each  other  so  as  to  form  a<complete  polar  balance  of  force, 
producing  when  the  rod  is  *free  £rom  torsioa  the  neutrality  as  shown 
at  B,  fig.  6. 

If  we  now  hold  one  end  of  this  rod  at  a  few  cenfcimetres  distance 
from  a  magnetic  directive  needle  we  find  it  perfectly  neutral  when 
free  of  torsion,  but  the  slightest  torsion  right  or  left  at  once  produces 
violent  repulsion  or  attraction,  according  to  the  direction  of  the  torsion 
given  to  the  rod,  the  iron  rod  or  strips  of  hoop-iron  which  I  use  for 
this  experiment  being  able,  when  at  the  distance  of  5  centims.  from 
the  needle,  to  turn  it  instantly  90°  on  either  side  of  its  zero. 

The  external  neutmlity  that  we  can  now  produce  a)t  will  is  absolute, 
as  it  crosses  the  line  of  two  contrary  polarities,  being  similar  to  the 
zero  of  my  electric  sonometer,  whose  zero  is  obtained  by  the  crossing 
of  two  opposing  electric  forces. 

This  rod  of  iron  retains  its  peculiar  powers  of  reversal  in  a  re- 
markable degree,  which  distinguishes  it  completely  from  onlinary 
magnetisation,  for  the  fiame  rod  when  magnetised  to  saturation  under 
a  single  ordinary  magnetism  loses  its  evident  magnetism  by  a  few 
elastic  torsions,  as  I  have  already  shown,  but  when  it  is  magnetised 
under  the  double  torsion  with  its  superposed  magnetism,  it  is  but 
slightly  reduced  by  vibrations  or  numerous  torsions;  and  I  have 
found  it  impossible  to  render  this  rod  again  ftw  from  its  double  polar 
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effects,  except  bj  starongly  remagoetising  it  to  saturation  with  a  single 
polarity,  the  superposed  magnetism  then  becomes  a  single  directive 
force,  and  we  can  then  by  a  few  vibrations  or  torsions  reduce  the  rod 
to  complete  neutrality. 

The  effects  of  superposed  magnetism  and  its  double  polarity  I  have 
produced  in  a  variety  of  ways,  such  as  by  the  electromagnetic  influence 
of  coils,  or  in  very  soft  iron  simply  by  the  directive  influence  of 
earth's  magnetism,  reversing  the  rod  and  torsions  when  held  in  the 
magnetic  meridian,  these  rods  when  placed  magnetic  west  showing 
distinctly  the  double  polar  effects. 

It  is  remarkable  also  that  we  are  enabled  to  superpose  and  obtain 
the  maximum  effects  on  thin  strips  of  iron  from  ^  to  ^  millim.  in 
thickness,  whilst  in  thicker  rods  the  effect  is  far  less,  as  it  is  masked 
by  th&  comparatively  neutral  istate  of  thp  interior,  the  exterior  mole- 
cules then  reacting  upon  those  of  the  interior,  allovving  them  to  com- 
plete in  the  interior  their  circle  of  attractions. 

I  have  already  mentioned  several  different  forms  of  induction 
balance  which  are  applicable  to — 1.  Testing  the  softness  of  iron  and 
steel ;  2.  Researches  upon  the  cause  of  tempering  in  steel ;  3.  Find- 
ing the  dividing  line  of  iron  and  steel ;  4.  Finding  mechanical  strains 
in  shafts,  cannons,  or  steamboat  screw  shafts ;  5.  Showing  unmis- 
takably the  best  quality  of  iron  fer  electro-magnets ;  6.  Researches 
upon  all  the  phenomena  of  magnetism,  and  upon  all  questions  relative 
to  the  molecular  structure  of  metals. 

I  was  anxious  to  show  upon  the  reading  of  this  paper  some  me- 
chanical movement  produced  by  molecular  rotation,  consequently  I 
have  arranged  two  bells  that  are  struck  alternately  by  a  polarised 
armature  put  in  motion  by  the  double  polarised  rod  I  have  already 
described,  but  whose  position  at  3  centims.  distant  from  the  axis  of 
the  armature  remains  invariably  the  same.  The  magnetic  armature 
consists  of  a  horizontal  light  steel  bar  suspended  by  its  central  axle, 
carrying  at  its  extremities  two  glass  beads  5  millims.  diameter  serving 
as  hammers;  the  bells  are  thin  wine  glasses,  giving  a  clear  musical 
tone  loud  enough  by  the  force  with  which  they  are  struck  to  be  clearly 
heard  at  some  distance.  The  armature  does  not  strike  these  alter- 
nately by  a  pendulous  movement,  as  we  may  easily  strike  only  one 
continuously,  the  friction  and  inertia  of  the  armature  causing  its 
movements  to  be  perfectly  dead  beat  when  not  driven  by  some 
external  force. 

The  mechanical  power  obtained  is  extremely  evident,  and  is  sufficient 
io  put  the  sluggish  armature  in  rapid  motion,  striking  the  bells  six 
times  per  second,  and  with  a  power  sufficient  to  produce  tones  loud 
enough  to  be  clearly  heard  in  aJl  parts  of  the  hall  of  the  Society.  As 
this  is  the  first  direct  transformation  of  molecular  motion  into  me- 
chanical movement  I  am  happy  to  show  it  on  this  occasion. 
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On  ihe  reading  of  my  preliminary!  note  I  demonstrated  by  visible 
experiments  many  of  the  points  of  the  theory  I  have  advocated,  and 
which  I  believe  explains  all  conditions  of  magnetism,  and  I  propose 
on  the  reading  of  this  paper  to  demonstrate  experimentaily  the 
remaining  evidences. 


II.  **  Remarks  on  the  Soundings  and  Temperatures  obtained  in 
the  Faeroe  Channel  during  the  Summer  of  1882."  By 
Staff  Commander  T.  H.  TiZARD,  R.N.,  H.M.S.  «*  Triton." 
Communicated  by  SiR  FREDERICK  EvANS,  K.C.B.,  F.R.S. 
Received  April  16,  1883. 

[Platib  ♦-a.] 

Introduction, — The  exploration  of  the  Faeroe  Channel  commenced  by 
H.M.S.  "  Lightning,'*  in  1868,  under  the  direction  of  Dr.  Carpenter, 
F.R.S.,  the  late  Sir  Wyville  Thomson^ P.R.S.,  and  Mr.  Gwyn  Jeffreys, 
F.R.S.,  at  the  instance  of  the  Rojsl  Society,*  revealed  a  remarkable 
peculiarity,  namely,  the  fact  thai  over  efte  portion  of  that  channel  the 
temperature  of  the  water  at  the  bottom  differed  12°  to  14°  F.  from 
that  obtained  at  similar  depths  in  the  other  portion,  and  farther 
investigation  by  H.M.S.  "  Porcupine  "  in  1869  confirmed  the  observa- 
tions previously  obtained  on  bowd  the  "  Lightning." 

The  cause  of  this  phenomenon  appears  to  have  been  unsuspected  at 
the  time,  but  during  the  voyage  of  H.M.S.  "Challenger"  several 
such  peculiarities  were  observed,  thoagh  not  to  such  a  marked  extent, 
and  a  theory  wan  formed  that  wkre  differences  of  bottom  temperature 
existed  at  equal  depths  in  adjoining  areas  those  areas  would  probably 
be  found  separated  bj  submarine  ridges. 

Viewiug  the  question  on  board  the  "Challenger"  from  our  own 
observations,  combined  with  those  previously  obtained  in  the  "  Light- 
ning," "  Porcupine,"  and  "  Shearwater,"  and  with  the  advantage  of 
Dr.  Carpenter's  conclusions  on  oceanic  circulation  published  in  the 
"  Proceedings  of  the  Royal  Society  "  for  1869,  it  seemed  to  us  reason- 
able  to  suppose  that  in  those  areas  where  the  minimum  temperature 
was  found  constant  from  a  given  depth  to  the  bottom  over  an  area 
contiguous  to  another  where  the  temperature  decreased  as  the  depth 
increased,  those  areas  must  be  separated  by  a  submarine  ridge,  as 
then  the  phenomena  might  be  readily  explained.  For  instance,  the 
condition  might  arise  (a)  if  the  minimum  temperature  was  the  mean 
winter  temperature  of  the  coldest  portion  of  the  separated  area,  in 
which  case  the  water  at  the  surface  would  be  flowing  in,  whilst  below 
it  V,  ould  be  flowing  oat  over  the  submarine  ridge,  as  seems  to  be  the 

•  See  "  Ppoc.  Boj.  Soc.'*  for  1868. 
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with  ihe  Mediterranean  and  Bed  Seas;  or  (h)  the  mmimiun 
temperatare  might  be  that  which  exists  ontside  the  separated  area  at 
the  lowest  part  of  the  snbmarine  ridge,  in  which  case  the  water  would 
be  flowing  in  at  the  bottom  orer  the  ridge,  and  out  at  the  snrface,  as 
seems  to  be  the  case  in  the  Suln,  Celebes,  and  Banda  Seas. 

As  the  voyage  of  the  "  Challenger  "  was  devoted  to  general  oceanic 
research,  it  was  fonnd  impracticable  to  spend  much  time  over  parti- 
cnlar  localities  without  lengthening  the  voyage  considerahlj,  and 
consequenUj  there  was  no  opportunity  of  testing  by  actual  soundings 
the  correctness  or  otherwise  of  this  theory.  This  seemed  to  be  practi- 
cally of  very  little  consequence,  as  in  the  Faeroe  Channel,  close  to  oar 
own  shores,  the  same  phenomenon  existed,  and  a  short  time  devoted 
to  its  further  exploration  would  decide  whether  a  submarine  ridge 
there  separated  the  two  areas  of  different  bottom  temperatures,  as  was 
predicted  would  be  the  case  im  No.  7  ol  the  "Chadlenger"  reports 
published  by  the  Admiralty ;  for,  applying  our  views  to  the  results 
obtained  in  the  Faeroe  Channel  in  1868--69,  we  concluded  that,  as  in 
both  areas  in  that  channel  the  temperatures  agreed  fairly  well  to  a 
depth  of  200  fathoms,  whilst  at  greater*  depths  a  marked  difference 
existed,  we  should  find  a  submarine  ridge  across  the  channel  with  from 
200  to  250  fathoms  over  it,  and  that  as  in  tihe  cold  as  well  as  the  warm 
area  the  temperature  at  200  fiithoms*  exceeded  the  mean  annual  tem- 
perature of  the  60th  parallel  of  latitude,  the  whole  body  of  the  water 
was  moving  steadily  to  the  north-eastward  over  the  ridge. 

The  late  Sir  Wyville  Thomses  considered  the  Faeroe  Channel  as  a 
test  question,  and  consequently  represented  to  the  Hydrographer  of 
the  Admiralty  (Sir  F.  J.  Evans,  B.N.,  K.C.B.,  F.R.S.),  in  1880,  the 
desirability  of  despatching  a  small  vessel  to  obtain  some  soundings 
and  other  observations  in  this  locality.  The  Hydrographer  having 
recommended  this  project  to  the  favourabliB  consideration  of  the  Lords 
Commissioners  of  the  Admira4tyf  their  Lordships  sanctioned  the  small 
hired  surveying  vessel "  Knight  Evrant "  (employed  on  the  west  coasts 
of  the  United  Kingdom)  being  ssnt  to  the  Faeroe  Channel,  and  during 
the  month  of  August,  1880,  a  sufficient  number  of  soundings  and 
temperature  observations  were  obtained  to  show  that  a  submarine 
ridge  existed,  though  the  actual  extent  of  the  ridge  was  not  deter- 
mined. A  full  account  of  the  results  obtained  in  the  "  Knight  Errant  ** 
was  published  in  the  "Proceedings  of  the  Royal  Society  of  Edin- 
bu^h,"*  session  1881-82. 

The  existence  of  a  submarine  ridge  having  been  ascertained.  Sir 
Wyville  Thomson  represented  to  the  Royal  Society  the  advisability  of 
more  thoroughly  investigating  it  by  a  series  of  cross-sections  to 
determine  the  slopes  on  each  side,  and  to  ascertain  with  greater  exact- 
ness the  limit  of  the  cold  area  and  the  nature  of  the  bottom  on  this 
Hdge.     The  Royal  Society  recommended  Sir  Wyville's  views  to  the 
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favourable  consideration  of  the  Lords  Commissioners  of  the  Admiralt j, 
but  their  Lordships,  whilst  agreeing  that  the  exploration  of  the  Faeroe 
Channel  was  very  important,  were  unable  to  spare  a  vessel  for  the 
purpose  during  the  summer  of  188 1^  and,  unfortunately,  before  the 
end  of  that  year  Sir  Wy  ville,  whose  health  had  been  undermined  by 
exposure  to  the  vicissitudes  of  climate  during  the  voyage  of  the 
*'  Challenger,"  succumbed  to  a  severe  illness  without  being  able  to 
complete  either  the  report  of  the  voyage  of  the  '*  Challenger,"  or  the 
many  investigations  he  had  undertaken  as  bearing  more  or  less  on 
that  voyage. 

Shortly  after  the  death  of  Sir  Wyville,  Mr.  John  Murray,  one  of 
the  naturalists  of  the  **  Challenger  **  expedition,  was  selected  to  succeed 
him  as  the  editor  of  the  **  Challenger"  Reports,  and,  as  he  had  accom- 
panied the  '*  Knight  Errant "  in  her  cruise  to  the  Faeroe  Channel  in 
1880,  and  was  also  of  opinion  that  the  exploratiou  of  that  channel  bore 
directly  on  the  results  of  the  voyage  of  the  ''  Challenger,"  he  again 
brought  before  the  Boyal  Society  the  desirability  for  further  investiga- 
ting this  submarine  ridge,  and  at  their  instance  the  Hydrographer, 
with  the  sanction  of  the  Lords  Commissioners  of  the  Admiralty, 
directed  H.M.S.  "  Triton "  to  carry  out  this  work,  and  Mr.  Murray 
embarked  in  that  vessel  to  assist  in  making  the  necessary  obser- 
vations. 

EqutpmerU. — The  "Triton'*  being  the  surveying  vessel  newly 
fitted  to  take  the  place  of  the  "  Poi*cupine  "  on  the  south  and  east 
coasts  of  the  United  Kingdom,  had  every  appliance  on  board  necessary 
for  the  work,  with  the  exception  of  dredges,  trawls,  and  dredging  line. 
Some  dredges  remaining  from  the  stock  returned  by  the  '*  Challenger  " 
were  found  available,  and  the  Boyal  Society  provided  the  trawls  and 
necessary  rope.  All  the  instruments  were  of  the  pattern  used  in  the 
"  Challenger  ''  expedition  excepting  one  deep-sea  thermometer  which 
was  an  improvement  on  the  ordinary  type  in  use  by  Mr.  Buchanan. 

Narrative. — The  **  Triton  "  arrived  at  Stomoway  on  the  25th  July, 
and  between  that  date  and  the  4th  September,  made  three  trips  to  the 
Faeroe  Channel,  each  trip  being  about  ten  days'  duration.  Notwith- 
standing the  generally  unfavourable  condition  of  the  weather  ex- 
perienced, five  sectional  lines  of  soundings  were  obtained  across  the 
ridge  (which  has  been  named  after  the  late  Sir  Wyville  Thomson), 
and  numerous  other  soundings  between  these  sectional  lines,  making  a 
total  of  135  soundings,  14  serial  temperatare  soundings,  and  17  hauls 
of  the  dredge  or  trawl.*  The  work  of  sounding  and  obtaining 
temperatures  Was  proceeded  with  steadily  on  every  occasion  when  the 
weather  was  sufficiently  clear  to  admit  of  the  position  of  the  soundings 
being  ascertained  by  astronomical  observation ;  during  misty  or  ioggy 

*  See  table,  plan,  and  diagrams  attached. 
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weaiher  either  the  dredge  or  trawl  were  nsually  pnt  out,  or  the  tow 
nets  lowered  to  snch  depths  as  required. 

After  completiDg  the  work  in  the  Faeroe  Channel,  the  vessel  left 
Stomowaj  for  Oban,  and  from  thence  proceeded  into  the  Atlantic 
about  100  miles  north-west  of  Ireland,  to  test  some  pressure  gauges  in 
connexion  with  the  observations  of  Professor  Tait  on  the  thermometers 
of  the  "  Challenger,"  for  which  purpose  Professor  Chrystal,  of  the 
University  of  Edinburgh,  accompanied  the  ship  on  this  section  of  the 
voyage.  The  "  Tritoo "  finally  returned  to  Glasgow  on  the  17th 
September,  and  then  resumed  her  ordinary  surveying  work. 

The  Wyville  Thomson  ridge. — The  soundings  obtained  in  the  "  Triton," 
combined  with  those  formerly  taken  in  the  "  Knight  Errant,"  prove 
conclusively  the  existence  of  a  submaripe  ridge  in  the  Faeroe  Channel, 
extending  from  the  edge  of  the  bank  north  of  Rona  Island  to  the 
fishing  bank  to  the  south-west  of  the  Faeroe  Islands.  To  the  north- 
east of  this  ridge,  the  temperature  of  the  water  at  depths  exceedn 
ing  350  fathoms  is  under  32^  F.,  whilst  to  the  south-west  of  it  the 
temperature  at  similar  depths  is  above  42°  F.,  excepting  in  one 
part,  where,  for  a  short  disiance  south-west  of  the  deepest  part  of  the 
ridge,  a  drain  of  the  Arctic  water  is  carried  across,  and  is  sufficient  to 
cool  the  bottom  water  below  40°  for  a  distance  of  8  miles  from  the 
axis  of  the  ridge. 

The  general  depths  over  the  Wyville  Thomson  ridge,  which  is 
100  miles  in  length,  by  10  in  width,  are  from  250  to  280  fathoms, 
with  here  and  there  shoaler  heads.  In  one  part,  however,  there  is  a 
saddle  or  gap  7  miles  wide,  where  the  depths  are  from  300  to  830 
fathoms.  On  each  side  of  the  ridge  the  depths  increase  to  600 
fathoms  or  upwards. 

The  indications  given  by  the  lead  as  well  as  the  dredge  and  trawl, 
show  that  the  Wyville  Thomson  ridge  consists  of  stones  and  gravel, 
whilst  to  the  north-east  of  the  ridge,  in  the  cold  area,  the  bottom  is  of 
a  hard  blue  mud,  and  to  the  south-west  a  softer  gray  mud. 

The  ridge  seems  to  be  a  portion  of  a  chain  of  hills,  mostly  sub- 
merged, which  stretch  irregularly  from  the  bank  off  the  north-west 
coast  of  Scotland  to  the  Faeroe  Islands,  Iceland,  and  Greenland,  for 
we  know  that  depths  of  about  200  fathoms  exists  between  the  Faeroe 
Islands  and  Iceland,  as  well  as  between  Iceland  and  Greenland.  As 
oceanic  soundings  become  more  numerous,  doubtless  many  more  such 
chains  of  submarine  elevations  will  be  discovered,  for  there  is  reason 
to  believe  that  the  floor  of  the  ocean  is  not  so  level  as  is  generally 
supposed.  The  absence  of  mud  on  the  top  of  the  Wyville  Thomson 
ri<^  may  be  accounted  for  by  the  water  flowing  over  it,  washing 
away  all  the  small  particles. 

Flans  and  Diagrams. — To  show  the  position  and  form  of  the  ridge,  a 
series  of  diagrams  and  a  plan  have  been  constructed.    The  plans  shows 
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all  the  sonndings  obtained,  as  well  as  the  position  of  the  fire  sectional 
lines  across  the  ridge,  and  the  line  of  demarcation  between  the  odd 
and  warm  areas,  for  which  pnrpose  the  isotherm  of  4ff*  has  been 
selected  as  the  best  distinctive  mark.  The  diagrams  show  the 
temperature  cnrves,  and  a  profile  of  each  section  exhibiting  the  form 
of  the  ridge,  and  the  distribution  of  temperature  from  the  surface  to 
the  bottom. 

The  diagrams  all  appear  to  point  to  the  same  conclusion,  thus 
agreeing  with  theory,  namely,  that  the  water  is  flowing  steadily  to  the 
north-east  oyer  the  ridge.  For  instance,  in  Plate  7,  Section  A,  it  will 
be  seen  that  the  curves  of  temperature  begin  to  diverge  rapidly  below 
the  depth  of  170  fathoms,  and  by  referring  to  Plato  5,  Section  A, 
it  will  be  seen  that  the  least  depth  over  the  ridge  on  this  section  is 
120  fathoms.  In  Plate  7,  Section  B,  it  will  be  seen  that  the  cnrres 
taken  in  the  warm  area  and  on  the  ridge,  agree  very  closely,  whilst 
that  taken  in  the  cold  area,  10  miles  north-east  of  Uie  shortest  cast 
obtained  on  this  section,  260  fathoms,  begins  to  diverge  rapidly  at 
200  fathoms  from  the  other  two  curves.  In  Plato  7,  Section  C,  curres 
taken  in  the  warm  and  cold  areas  are  sensibly  the  same  to  the  depth 
of  800  fathoms,  and  a  reference  to  Rate  5,  Section  C,  will  show  that  on 
this  section  the  least  depth  found  on  the  ridge  was  305  fathoms.  In 
sections  B,  D,  and  E,  where  the  least  water  on  the  ridge  is  much  the 
same,  the  isotherm  of  40"  on  each  section  at  a  distance  of  10  miles 
from  the  axis  of  the  ridge,  is  found  at  almost  precisely  the  same 
depth,  viz.,  280  fathoms,  or  the  precise  depth  of  the  ridge,  whereas  in 
Section  C,  where  the  depth  of  the  axis  of  the  ridge  is  305  fathoms, 
the  isotherm  of  40°  is  found  at  a  depth  of  300  fathoms  in  the 
cold  area,  and  in  Section  A,  where  the  depth  on  the  axis  of  the  ridge 
is  120  fathoms,  the  isotherm  of  40**  is  at  a  depth  of  250  fathoms  in  the 
cold  area.  The  depth  then  at  which  the  isotherm  of  40**  is  found  in 
tlie  cold  area  depends  on  the  depth  over  the  ridge.  As  before 
mentioned,  in  the  warm  area,  all  the  temperatures  exceed  40**. 

The  question  then  arises,  if  the  water  is  flowing  steadily  over  the 
Wyville  Thomson  ridge  to  the  north-east,  how  is  it  the  water  at  the 
bottom  in  the  cold  area  retains  its  low  temperature  ?  This  has 
hitherto  been  very  difficult  of  explanation,  as  there  was  apparently  no 
outlet  for  it  over  the  ridge,  a»d  consequently  we  might  expect  that 
its  temperature  would  be  influenced  by  the  mass  of  heated  water 
above;  for  the  excess  of  inflow  in  the  Faeroe  Channel  might  be 
altogether  absorbed  by  the  outflow,  which  we  know  is  constantly  in 
progress  between  Iceland  and  Greenland.  The  soundings  and  tem- 
peratures taken  this  year,  however,  led  to  the  discovery  of  a  slight 
outflow  of  the  cold  Arctic  water  over  the  deepest  part  of  the  Wyville 
Thomson  ridge,  in  the  7-mile  gap,  which  breaks  the  continuity  of 
the  300  fathom  contour-line  of  soundings.     Hero  the  cold  water  was 
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tnoed  flowing  aoroBS  the  ridge,  and  gradoally  increasing  in  temperai* 
tnre  as  it  moved  to  the  lonthward,  nntil  at  a  distance  of  15  milra 
from  the  axis  of  the  ridge,  it  was  of  the  nsnal  normal  temperature  of 
the  warm  area  in  that  kxMklitj. 

This  outflow  of  cold  water  seems  to  affect  all  the  bottom  tempera* 
tnres  to  the  westward  of  Section  C ;  for,  whilst  to  the  eastward  of 
that  section  thej  are  from  45^  to  46^  at  depths  of  500  &thoms,  to  the 
westward  they  are  from  42''  to  43"",  that  is  S°  lower. 

There  is  then  apparently  a  regular  interchange  of  the  waters  across 
the  WyyiUe  Thomson  ridge,  the  Atlantic  water  flowing  north-east 
into  the  Arctic  basin  on  the  surface,  and  as  far  down  as  the  ridge 
permits,  over  the  greatest  portion,  whilst  over  the  deepest  part  of  the 
ridge  there  is  a  small  outflow  of  Arctic  water  into  the  Atlantic,  which 
although  of  infinitely  less  volume  than  the  water  moving  to  the  north- 
east, yet  appears  to  be  sufficient  to  enable  the  bottom  water  of  the 
Arctic  basin,  immediately  adjacent  to  the  ridge,  to  retain  its  low 
temperature.  Were  there  no  other  outlet  to  the  Arctic  basin,  it  is 
probable  the  outflow  over  the  ridge  at  the  bottom  would  equal  the 
inflow  at  the  surface,  but,  as  before  remarked,  we  know  the  surface 
water  on  the  western  side  of  the  Arctic  basin  has  a  steady  flow  to  the 
southwards  along  the  oeast  of  Greenland. 

The  existence  of  the  Wyville  Thomson  ridge  in  the  locality  pre- 
dicted, tends  to  prove  the  general  correctness  of  the  theory  formed  in 
the  ^  Challenger,"  but  farther  observations  in  other  localities  where 
the  same  phenomenon  exists,  are  requisite  to  determine  its  absolute 
correctness,  more  especially  when  we  remember  that  in  nearly  every 
instance  where  the  bottom  temperatnres  differ  materially  in  adjoining 
areas,  the  minimum  temperature  in  one  of  those  areas,  the  warm,  is 
found  at  a  considerable  height  from  the  bottom ;  whereas  in  the  other 
area,  the  cold,  the  temperature  decreases  with  the  depth,  the  minimum 
being  at  the  bottom.  In  the  Faeroe  Channel,  however,  the  tempera- 
ture in  the  warm  area  decreases  as  the  depth  increases,  whilst  in  the 
cold  area  it  remains  almost  constant  at  30^°  F.  at  depths  exceeding 
350  fathoms,  thus  revoBsing  the  rule  which  obtains  elsewhere.  For 
instance,  in  the  Mediterranean  ihe  temperature  of  the  sea  is  constant 
at  55°  F.  at  depths  exceeding  100  fathoms,  whereas  in  the  Atlantic, 
the  only  sea  in  communication  with  the  Mediterranean,  the  tempera- 
ture outside  the  Straits  of  Gibraltar  decreases  as  the  depth  increases. 
In  the  Bed  Sea  the  teinf>erature  is  constant  at  70"  F.,  at  depths 
exceeding  100  fathoms,  whereas  in  the  Indian  Ocean  it  decreases  with 
the  depth.  In  the  Salu  Sea  the  temperature  is  constant  at  50^*5  F. 
at  depths  exceeding  400  fathoms,  whereas  in  the  adjacent  seas  the 
temperature  decreases  to  39^,  and  there  are  also  considerable  areas  in 
the  Atlantic,  as  well  as  the  Pacific,  where  a  minimum  temperature  is 
reached  at  a  certain  depth,  whilst  in  adjoining  areas  the  temperature 
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either  decreases  to  the  bottom,  or  a  lower  temperafcnre  is  found  at  a 
similar  depth.  These  differences,  though  slight,  give  reason  for 
believing  that  the  flow  of  water  from  the  Antarctic  is  impeded  bj 
submarine  ridges.  The  Arctic  water  is  apparently  quite  cut  off  from 
the  general  oceanic  circulation,  excepting  at  the  surface,  and  to  a 
depth  of  200  fathoms. 

Tides, — ^When  the  weather  was  favoiirable,  and  the  dredge  or  trawl 
was  down,  we  noticed,  more  especially  in  the  western  part  of  the 
Faeroe  Channel,  a  regular  tidal  set,  the  greatest  strength  recorded  being 
three-quarters  of  a  mile  per  hour.  The  direction  of  the  tidal  stream 
appeared  to  vary  considerably,  and  unfortunately  our  opportunities 
for  observations  were  few,  far,  as  a  rule,  the  long  swell  usually 
experienced  entirely  masked  the  tide,  the  "  Triton  "  being  so  light, 
that  on  almost  all  occasions  when  the  engines  were  stopped,  even 
with  the  trawls  down,  the  normal  position  was  broadside  to  the  swell. 
The  height  of  the  waves  usuallj  experienced  was  from  9  to  12  feet, 
but  waves  of  17  feet  from  trough  to  summit  were  not  uncommon,  and 
early  in  September,  during  a  gale,  they  were  recorded  as  25  feet  from 
trough  to  summit. 

The  highest  wave  recorded  during  the  voyage  of  the  "  Challenger  " 
was  23  feet  from  trough  to  summit. 

At  all  times  we  noticed  that  the  sea  was  shorter  and  heavier  on 
the  Wyville  Thomson  ridge  than  on  either  side,  and  sometimes  when 
crossing  it  we  observed  peculiar  "  smooths,"  as  if  oil  was  floating  on 
the  surface,  or  a  spring  welling  up  from  the  bottom.  In  these 
smooths  the  temperature  of  the  water  remained  unaltered. 

Dredgings  and  Trawlings. — The  result  of  the  dredgings  and  trawU 
ings,  as  well  as  of  the  surface  dredgings,  by  the  tow  net,  will  be 
reported  on  by  Mr.  John  Murray,  who  accompanied  the  "Triton" 
throughout  her  exploration  of  the  Faeroe  Channel. 


Digitized  by 


Google 


1883.]     Soundings  and  Tempef^atures  in  the  Fcieroe  ChanneL      209 


I 


£ 


It 


I 

! 


a 


oooooooooooo 


ii 


55 


^  ^  ^ 


OQ   QQ   QQ   do   QQ 


"2  "g  ll 


I   I 


as§S3§§iiii 


I 


I 


8    8* 
S    8    S 

^       ^       CD 


lOQCOOOOOOO 


«8  8qiS;3S888*SS 
^S8S99!9^$S9gS 
•  SS33SSSSS3S3 


I 


^ 
^ 


S    9 
©    f4 


o 


9    o 

to     «e 


8 


I 


I 

I 


60 


g 

i" 

-< 


TOL.   XXXY. 


»0       CD       t^       00       A       O       (H 


Digitized  by  CjOO^IC 


210 


Staff  Commander  T.  H.  Tizard. 


[May  10, 


•s 

f 

^ 

i-it^e^iAiotoMdOe4  0  0QOiHooooieoudkow»kOt^aO'<^aox 

^ 

°§5S 

^5:^51 

99 

9999S999S9 

$99^ 

99SS 

i 

•S  a 

o  8 

m"? 

m-P 

«•? 

«A 

«A 

«•? 

«A 

»t 

«■? 

m"? 

a-P 

m"? 

M"? 

1 

ill 

O 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

*     V     ' 

'    y    ' 

*     V     ' 

^-^-^ 

Ii 

ii 

Si 

"S 

t% 

1 

1 

1 

J9 
11 

11 

t1 

F 

r- 

dg 

1- 

1 

1 

a|tS| 

a  mi 

^^ — 1 

v-^^ 

y-y^ 

»— ^— » 

»— ^— » 

'-Y— ' 

'*->—' 

ii 

S 

5! 

iH 

CD 

iH 

iH 

iH 
0> 

£ 

i: 

s 

1 

i 

i 

P«2 

^ 

5  o 

o 

o 

o 

O 

o 

o 

s 

o 

s 

o 

o 

8 

1 

%  •-• 

-* 

t^ 

s 

s 

<0 

00 

s 

9 

So 

s 

s 

& 

C3 

o   <5i 

oa 

e> 

o> 

0» 

oa 

0» 

00 

» 

00 

00 

00 

00 

1 

S25 
-2 

'^ 

O 

o 

s 

s 

o 

3 

3 

8 

9 

o 

9 

^   »« 
^    N 

s 

;; 

g 

^ 

6 

s 

s 

q! 

51 

00 
00 

s 

S 

.4 

og 

8 

s 

8 

s 

8 

8 

8 

S 

8 

8 

8 

8 

x' 

M 

•4 

S 

o 

9 

s 

lO 

o 

o 

1 

9 

CO 
fH 

1. 

& 

9 

»o 

<o 

fc* 

t* 

00 

o> 

o 

1-^ 

iH 

d 

»H 

iH 

M 

^ 

s 

i> 

^ 

s 

r 

^ 

s 

s 

* 

^ 

s 

^ 

£ 

» 

(S 

4 

"S^   . 

i'J 

eo 

s 

U3 

1-^ 

s 

s 

s 

S 

S3 

S 

-f^ 
M 

k9 
9* 

Digitized  by 


Google 


1883.]     Soundings  and  Temperatures  in  the  Faeroe  CIianneL      211 


1 

i 

g. 

Is 

' 

1 

1 

1.^ 

i 

^ 

^00'*'*00000»0«»0»00»00000«OM^OO^»00000'*ap 

a 

5 

1 

°^5 

ss 

00  00 

99 

5!5 

5!  5! 

S§ 

$99$$^ 

55 

i?5 

5:58 

1 

o  a 

«•«» 

«■? 

«^ 

m-P 

«■? 

«•? 

«•? 

a,»P 

«'«' 

M"? 

Pd-P 

oa"? 

p,V» 

1 

ill 

o 

© 

o 

© 

© 

© 

o 

o 

© 

© 

© 

© 

© 

%4 

>— y-^ 

^-v- 

>_,— 

1 

1 

"S 

-§ 

f'-S 

Si 

1 

d8  t 

il 

t1 

1% 

•2  1-2  9 

.1 

1^ 

s 

s 

^1 

ll 

1 

"1 

6S    o 

^t^^l 

*1 

y 

i 

s 

i 

to 

8 

fe 

g 

8 

^ 

w^ 

1~^ 

^ 

q3 

^- 

»s 

© 

s 

o 

o 

© 

o 

58 

8 

o 

^ 

« 

O 

60 

0 

-§ 

s 

09 
09 

s 

00 

5 

CO 

!S 

S 

5r 

9 

9 

0 

3 

o    » 

00 

00 

00 

00 

oo 

o> 

00 

00 

00 

00 

00 

00 

1 

^' 

'S 

3 

iH 

© 

s 

© 

8 

8 

© 

8 

58 

o 

!8 

^ 

-g 

n 

^ 

s 

s 

s 

8 

8 

s 

S 

g 

^ 

kO 

«s 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

s 

M 

^ 

S 

^ 

^ 

S 

» 

S 

^ 

. 

. 

. 

>t 

b 

tk 

< 

Oi 

|q 

s 

a 

? 

8 

iH 

^ 

!? 

S 

8 

'  © 

5! 

Ol 

« 

'* 

id 

« 

t^ 

00 

"*. 

00 

0> 

S 

fH 

iH 

o 

^ 

^ 

1 

4-» 

00 

5 

s 

s 

5 

* 

5 

• 

jj 

5 

S 

s 

^ 

1 

1 

'1 

1 

s 

s; 

s 

S 

8 

00 

s; 

8 

s 

8 

8 

& 

8 

!z<S 

p  2 

Digitized  by  LjOO^IC 


212 


Staff  Commander  T.  H.  TizarcL 


[May  10, 


1 

n 

1 

5'^ 

j 

is 

||3 

I 

. 

1 

14 

m 

i 

II 

llgl 

* 

<2 

tM 

1 

1 

»owje!ioo»o<o>oou50 

^ 

^ 

Md»O09i-l 

OOtO     OUd 

wjo 

00  lo 

UdODOOO 

°««5:« 

9!<l 

9^&^iSS  SS 

ss 

ss 

SSSS««99 

§ 

"Sg 

nfm-P 

mv> 

m"? 

«•!» 

«v>  «V> 

p,«p 

m§ 

nS 

mS 

mSSnS 

m 

ill 

o     o 

o 

o 

o 

o       © 

o 

§" 

mil 

DO       TO 

T 

I 

(5     S 

1 

1 

Ijl'^l'^ 

J  9 

W-'-r- 

/ 

'-r-^.-^ 

!s| 

1   1 

§ 

i 

i 

i     § 

1 

1 

i 

§ 

§       i 

^ 

*S    ® 

e 

fH 

s 

S     ® 

o 

s 

o 

O 

*       9 

i" 

-S8    S 

s 

s; 

s 

S      SJ 

to 

S 

eo 

f-i 

a  s 

s 

1 

o   00       00 

00 

oo 

00 

00          00 

00 

00 

oe 

00 

00        00 

^ 

»«    8 

s 

S 

o 

s    § 

fH 

»o 

f-l 

p 

s 

s   * 

^ 

-.§  s 

S; 

0» 

iH 

s 

s    s 

s 

s 

S 

fH 

2    J5 

>8    S 

S 

8 

s 

s    s 

s 

8 

s 

8 

8    8 

M      « 

. 

S 

s 

. 

» 

s 

c 

2    = 

^ 

»« 

•4 

g 

p« 

« 

o 

•4i 

S       !S 

o 

fH 

iH 

»Q 

9    S 

«5     »< 

^ 

,d 

5 

s    . 

^ 

•^ 

1    * 

"i  . 

d^ 

8    3 

5! 

9 

9 

^      !S) 

9 

9 

9 

9 

S    8 

Digitized  by  CjOO^IC 


1883.]     Soundings  and  Temperatures  in  the  Faeroe  Channel      213 


J 

1 

|s 

. 

a*H 

3 

1 

1^* 

1 

l^' 

ji 

1 
1 

P 

. 

r— **— ^ 

1— ^ 

.—»-, 

B 

3 

ao0iie9t^ao>o>oaoaooow30io9O^O4u»co 

040 

04Ot^t« 

1 

1 

°55^«^5 

99ii$ 

S3S3^9923S$S  9S  9S^9 

»H 

M 

M 

M 

M        HH 

a 

nS 

mSna 

nt 

nS 

m^ 

«s 

«3 

«H 

«s«s 

n 

^^s 

H 

« 

M 

W 

M     H 

«M 

V_Y_ 

■'^-v-^ 

w^^ 

% 

1 

|§|8 

H 

1 

1 

1 

1 

llllfllllll 

y 

— ^ 

■'^-y^"-,-' 

i 

i  1 

** 

s 

1 

to 

9 

i 

09 

2 

i 

1 

i  i 

p«^ 

^ 

»« 

S    g 

o 

O 

o 

© 

s 

© 

© 

O 

S     !$ 

g> 

,  « 

t*     »o 

s 

00 

CO 

3 

n 

S 

Si 

n 

s  s 

g 

,^ 

o  <a 

00     00 

00 

00 

00 

CO 

CO 

« 

» 

CO 

CO       CO 

1 

P4 

^ 

^« 

o    § 

« 

to 

1-4 

o 

o 

to 

a 

s 

s 

S     !$ 

i 

a  • 

8 

s 

n 

J3 

9 

i? 

iii 

3    2 

*>8 

S    8 

s 

8 

s 

s 

s 

s 

s 

s 

S    3 

»' 

s       s 

s 

^' 

» 

s 

«          S 

^ 

P4 
01 

o     o 

to 

o 

o 

o 

o 

iz; 

5 

« 

s   © 

01 

oo       -* 

CO 

CO 

t* 

0) 

iH 

o 

iH 

09        00 

M 

M 

•f5 

• 

£ 

6 

;o 

^ 

2          « 

2 

iH 

2 

s 

s 

s 

2 

::       z 

H 

? 

M 

M 

4 

9 

^ 

6  9.a 

s 

S    2 

s 

s 

s 

s 

3 

3 

CO 

S 

8    3 

^2 

Digitized  by 


Google 


214 


Staff  Commander  T.  H.  Tizard. 


[May  10. 


1 

1 

1 

1 

1 

M 

Soi 

g  eo 

1. 

?»«• 

, 

d 

w 

1 

5>H 

g» 

?« 

^ 

^ 

ft        • 

3 

r--^ 

r^^ 

r    "    \ 

r    *    \ 

<— •— » 

1 

ooudto 

"^OO 

eo  lO  Ud  O  00  O  U3  U3  O  ^  O  O  40  W3  t^  to  lO  o  O  to 

1 

SSSS3 

ss 

ss 

ss$$ 

55^55;  ^iJ^^gggggS 

M 

1— < 

M 

M 
M 

M 

g 

M 

B 

M 

1^ 
1-^ 

«H«H 

J 

«H 

«H 

«H 

«3 

«H 

«H 

^>< 

«R 

«M 

''M 

«H 

m 

^3 

X 

W 

H 

H 

M 

H 

X 

H 

X 

W 

H 

H     M 

« 

V 

'-v-^ 

'— r— ' 

•©  . 

TS 

-d 

»« 

»« 

"9 

TS 

tj 

'2 

'2 

|S| 

1^1 6^1^ 

ll 

jyi 

if 

1^ 

il 

s 
6 

II 

.s  « 

^-^- 

'^-v-'' 

'-    ^    ' 

^-,- 

'— r-* 

"-Y^ 

^-y-^ 

^v-^ 

t 

00 
CO 

1 

1 

§ 

1 

i 

i 

1 

04 

i 

g    1 

a«2 

it 

5   O 

o 

o 

s 

© 

S 

o 

o 

S 

o 

s 

*    g 

f 

^    CO 
^    1-4 

00 

5 

s 

2 

s 

00 

00 

a 

CO 

fH 
1-4 

00        CO 

l-l 

§ 

J 

O    «> 

«o 

CO 

» 

CO 

CO 

t* 

t^ 

^ 

t* 

t* 

t*     ^ 

•5 

1 

^* 

^« 

9 

o 

o 

o 

9 

s 

s 

« 

o 

1-4 

s   « 

J 

-s 

s 

t* 

lO 

00 

iH 

s 

s 

2 

© 

00 

lO       o 

o2 

s 

8 

s 

s 

s 

s 

s 

3 

s 

8 

8    8 

i 

^ 

5 

i 

5 

u 

fit 

-^ 

** 

c 

«: 

** 

n 

s 

« 

to 

1-4 

s 

s 

to 

0« 

o 

{z; 

9 

to 

to 

©  s 

eo 

'^l 

Ud 

t* 

00 

» 

1-4 

O 

00 

^ 

uj      « 

^ 

^ 

5 

fH 

^ 

j; 

2 

^ 

. 

^ 

^ 

^ 

^ 

^ 

•>           » 

*^ 

-< 

111 

s 

s 

& 

s 

s 

g 

a 

g 

g 

g 

CO       t^ 

Digitized  by 


Google 


1883.]     Soundings  ani  Temperatures  in  tl^e  Faeroe  Channel.     215 


% 

' 

•« 

oo^aoiooe4U30u»aokoo>o<«iot^Ae4U)ooiot^OkO 

1 

'^ 

•!S^ 

5i$59 

^!$%$SS$$$99$ 

S8 

n-^ 

m  09  09  Od 

•S 

s 

"S  a 

M 

1^ 

1=1 

B 

B 

M 

B 

in 

1-^ 

1—4 

M 

N^ 

1 
% 

II 

«« 

M 

«3 

«« 
H 

W     W     M     >< 

o,; 

-d 

'O 

'^^ 

^^ 

^"^ 

ts 

^-^ 

^-^ 

tS 

tS 

1^ 

Si 

111  1 

1 

111 

1 

i 

1 

CO 

9S 

9! 

•S  s 

^-r-* 

•-^ 

'-.-' 

>-^ 

^-r-* 

fj 

1 

1 

i 

§ 

1 

i 

1 

t 

€0 

2 

eo 

kO 

CO 

i 

kO 

CO 

fi<2 

^ 

5   O 

© 

!S 

o 

o 

© 

o 

Cj 

!$ 

8 

s 

s 

o 

1 

-s 

2 

s 

% 

3 

IS 

s 

8 

S 

9 

^ 

5 

8 

fl 

o  «- 

t* 

t* 

i> 

4^ 

t* 

t* 

«* 

^ 

t» 

t* 

t> 

t* 

•5 

1 

^ 

5  o 

O 

o 

o 

9 

9 

s 

o 

1-4 

o 

© 

o 

8 

8 

■*i 

^  t* 

CO 

kO 

C) 

a 

3 

fH 

•-4 

o 

a 

2 

» 

1 

o8 

8 

8 

3 

8 

8 

8 

8 

8 

8 

8 

8 

8 

% 

a 

ai 

•• 

s 

a 

2 

^ 

< 

fl 

p< 

■° 

!» 

S 

s 

8 

m 

5 

8 

00 

CO 

5! 

^ 

o 

9 

t* 

« 

oS 

2 

o 

1-4 

»1 

eo 

<« 

kO 

CO 

CO 

o 

1 

a 

» 

s 

*s^  . 

11^ 

8 

8 

s 

S 

S 

s 

3 

s 

s 

& 

s 

S 

8 

Digitized  by 


Google 


216 


Staff  Commander  T.  H.  Tizard. 


r»fay  10, 


1 

4 

14 

iS| 

1 

1 

aooo«i    Oio 

t^oooooiooooieqoOQOOOwoooooi 

"1 

«l 

^3 

W3m 

-,5 

oBw.3 

•3 

3^ 

P^H 

"H 

iH 

*S 

oX 

oHiH 

oH 

iHiX 

^ 

fcrS 

« 

H 

M 

w 

H 

H 

H 

H     M 

H 

H     X 

w^^ 

'  ^-r-* 

^-,— • 

^-r— "-v^ 

*— Y-^ 

o  ^ 

Is 

-s 

> 

'3 

i  ► 

Is 

1    -§ 

Is 

1   I"! 

F 

2 

l:^ 

1 

1^ 

1    ^ 

F 

1  "SS^ 

.s 

ij 

^--^ 

fc. 

s- 

'-'^ 

"-V-' 

^^-^ 

M  i 

i 

1 

§ 

O^kg 

1 

i 

1 

1    1 

i 

1  g 

Q^ 

r^ 

«  o 

o 

o 

o 

8 

e 

o 

o 

O        U3 

S 

o     o 

g" 

^S 

s 

1-4 

CO 

iH 

& 

5 

s 

s  s 

2 

s   « 

g 

s 

u   «> 

t^ 

00 

00 

00 

t^ 

t* 

t* 

1^     t* 

4^ 

t*        00 

.2 

Jz; 

*s 

o 

o 

o 

o 

8 

n 

s 

*  & 

8 

*    8 

-^ 

^    00 

00 

N 

^ 

CD 

4^ 

1-4 

s 

00     a 

1-4         iH 

^ 

o8 

8 

8 

8 

s 

8 

3 

8 

8    8 

8 

8    8 

^ 

•; 

iN 

s 

2 

s 

J 

» 

•» 

n 

P4 

•>t 

P4 

a 

o 

8 

$ 

S 

51 

3 

« 

8    o 

O 

o    § 

t* 

00 

"* 

CD 

t* 

00 

O 

1-4 

o 

eo      kd 

CD 

^       t* 

^ 

^ 

1 

iH 

2 

•H 

5 

2 

s 

. 

2 

5         2 

S 

S          S 

^ 

.1 

g^ 

< 

"-§ 

•t 

^ 

S 

s 

s 

s 

s 

s» 

S 

S      8 

3 

s  s 

^'i 

IH 

iH 

.H        iH 

Digitized  by 


Google 


1883.]     Soundings  and  Temperatures  in  the  Faeroe  Channel.      217 


1 

1 

1 

M» 

g- 

• 

M 

1 

• 

1 

f 

|1 

1 

g 

1-^^ 

r-*-. 

t*»owi»oooo»o  o  o  ao(Mo©«oowiiaoooooiooco 

i 

°sssssss 

ss$s 

5fgi 

5f5 

5?5?i;5; 

$9 

9$99$^S 

1 

"^g 

^Bu>B 

1^ 

M 

»H 

V.3 

M 

MM 

ill 

«t1 

«^ 

«^ 

^S-S 

©>^©>^o>^ 

-S 

^^ 

*S 

«s 

1^ 

11 

11 

IT 

1 

1 

1! 

1 

o 

T 

o 

Ti 

^i 

'-v- 

^-v-^ 

|i 

1 

1 

1 

i  i 

1 

s 

i 

i 

g 

S5 

ii 

P«2 

o 

o 

!SI 

g 

^ 

?  o 

© 

O 

o     o 

© 

© 

© 

o   o 

^ 

^  •* 

2 

to 

f-l 

si     5? 

n 

ss 

s 

fe 

5 

s 

is 

8  S 

1 

i 

o  «> 

»• 

CO 

«        CD 

CD 

CD 

CO 

« 

CO 

CO 

CO 

CO     CO 

^' 

*  o 

O 

o 

<=>        « 

s 

o 

s 

2 

§ 

g 

o 

g  g 

1 

-s 

2 

00 

"^       g 

5 

kO 
kO 

s 

S 

s 

fe 

o 

N   '* 

og 

S 

s 

s  s 

S 

S 

s 

2 

s 

s 

s 

3  S 

» 

2 

.    » 

* 

2 

s     z 

^ 

•< 

"     p^ 

B 

!$ 

a 

$ 

8    g 

s 

kO 

«H 

2 

wa 

g 

g 

o 

«  g 

t^ 

O 

r^ 

■•    © 

fH 

©1 

CO 

^ 

kO 

CO 

t« 

t*     00 

1 

12 

fH 

TS 

^ 

1 

S       2 

(S 

6b 

J1* 

3 

1-4 

i 

s 

1 1 

§ 

2 

f-l 

s 

2 

to 

1-4 

CO     i^ 
M      i-H 
M      iH 

Digitized  by 


Google 


218 


Staff  Commander  T.  H.  Tizard. 


[May  10, 


III 

« 

;s 

1 

■8:8 

e 

|6 

£ 

s 

if^ 

' 

1 

P 

i^ 

^ 

i 

r-^-y 

;| 

Okoooiioieoeo-^^ietotOkOoaoc^cDco^t^toffiaqoo 

i 

1 

°S5g 

SJSJ^S 

5S^5:^!|!3I 

55^«J5«5555' 

p4  (-I  r-l  fH 

a 
s 

"^1 

«oG 

L>C3 

wd^: 

oS 

w^a 

ujK 

.3 

«i^ 

^on: 

oS 

«5- 

i>< 

oH 

o5^ 

oX 

ixi 

o« 

'->x 

oH 

oXi 

i>x 

iJ^ 

& 

i^d 

X 

M 

)^ 

H 

«     « 

H 

« 

X 

H 

X 

H 

X 

"S  . 

. 

\           y           < 

^^ 

'^-^r^ 

"-^ 

-Y-^^ 

tS 

"-^ 

"-^ 

tS 

'-^ 

•-V-' 

^^ 

•■N 

1^ 

1 

i 

1 

»  1 

i 

1^ 

1 

1 

as 

1^ 

1 

1 

II 

s 

5 

i 

§  i 

i 

i 

1 

§ 

T 

i 

0«2 

s 

^ 

5  o 

e 

O 

« 

8     !$ 

8 

!SI 

© 

© 

© 

ff 

-s 

"* 

2 

s 

^     S 

s 

S 

s 

s 

3 

3 

s 

p3 

3 

o  *- 

t* 

t* 

«> 

«>         t* 

t* 

t* 

t* 

t* 

t* 

t* 

t* 

4 

& 

^ 

5   O 

s 

s 

s 

s  s 

!$ 

8 

o 

8 

8 

8 

8 

2 

^s 

04 

s 

s 

s  -^ 

n 

U3 

t^ 

00 

S 

09 

iH 

iH 

og 

3 

s 

s 

S    8 

8 

8 

8 

8 

8 

s 

8 

n 

£ 

s 

s 

s      c 

. 

. 

. 

s 

s 

^ 

S 

:  1 

o 

o 

o 

o 

s  s 

^ 

S 

'<3 

s 

s 

S 

to 

;o 

00 

to 

U»         <0 

t* 

ce 

a 

s 

1^ 

o 

iH 

1 

<1 

- 

^ 

^ 

s       s 

S 

£ 

- 

: 

s 

2 

= 

•s^ 

1 

2 

o> 

s 

n  s 

:; 

-s 

S 

s; 

s 

§ 

s 

^l 

iH 

iH 

fH 

iH 

rt        pH 

fH 

iH 

•H 

l-H 

iH 

*H 

■^" 

Digitized  by 


Google 


1883.]     Soundingt  and  Temperaturet  in  Ute  Faeroe  Channel.      219 


•-i 


..  1 

i: 


o«     oo  oooot^t^ 


•-•  M  M        M        W 


I 


I 


2  S         ** 

I  a  a 


S       3 

eo  eo 


i 


I 


I 


t 


3 

o 

n 


5 


O)        ^        00 
CO        «        iH 

t^       ^       00 


o 

00 

s 


s 


8    S    ud 


M 

p! 

s 


to 


S     !$     o 

kO      ud      uS 


0 

-«1 


<1    -< 


CO        CO        ^ 


^ 


o 


•*3 


.9 

o 

I 


o 
OQ 


II 


J   — 


oo 


o  o 


04 


IH 
OQ 


Digitized  by 


Google 


220 


Sta£f  Commaader  T.  H.  Tizard. 


[May  10, 


Table  11. — Serial  Temperatures  obtained  in  Faeroe  Channel  by 
H.M.S.  "  Triton,"  Augnat,  1882. 


No.l 

No.  of  sounding  58 
Lat.  59**  89'  0"  N. 

Section  A.    Warm  area. 

Long.  6°  48'  0"  W. 

Depth  in 

Difltinguishing 

Temperature 

mark  of 

Beadmg. 

by  curve, 

thermometer. 

dia^iun  No.  1. 

Surface 

.. 
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J 

No.  2. 

No.  of  soundine  66.    Section  A.    Cold  area. 

Lat.  59°  56'  15"  N. 

Long.  6°  8'  0"W. 

Depth  in 
fathoms. 

Distinguishing 

Temperature 

mark  of 

Beading. 

by  curve, 

thermometer. 

diagram  No.  1. 
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No.  9.    No.  of  tounding  67.    Section  B.    Cold  area. 
Lat  6(f  7' 40"  N.    Long.  6°  44' 00"  W. 


Depth  in 
faihoma. 


Dittingmshing 

mark  of 
thermomeCer. 


Beading* 


Temperatore 

b  J  dure, 
diagram  No.  2. 
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No.  7.     No.  of  sounding  97.     Section  C,  on  the  ridge. 
Lat.  60°  12'  20"  N.    Long.  T  44'  0"  W. 
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IIL  "  Preliminary  Not©  on  the  Innervation  of  the  Mammalian 
Heart.'*  By  L.  C.  Wooldridge,  D.Sc,  M.B.,  George  Henry- 
Lewes  Student.  Communicated  by  Dr.  M.  Foster,  Sec. 
R.S.    Received  April  23, 1883. 

The  research  was  carried  out  in  the  Physiological  Institate  at 
Leipzig.  The  immediate  object  was  to  determine  the  function  of 
nerves  which  are  to  be  seen  on  the  surface  of  the  yentricles  of  the 
hearts  of  mammals.  It  was  important  to  know  their  fonctions  on  the 
following  grounds : — 
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In  the  frog,  stimalation  of  tbeBiniLB  produces  stillstand  of  the  heart. 
The  inhibitory  fibres  have  at  any  rate  here  a  proyisional  ending. 

On  the  other  hand  the  result  of  stimulation  of  the  ventricle  may  be 
r^arded  as  a  form  of  acceleration. 

In  the  dog,  the  yagus  and  accelerans  nerves  act  on  different 
mechanisms  (Baxt). 

Having  regard  to  these  facts  the  possibility  of  the  ventricle  nerves 
being  accelerator  presented  itself. 

To  know  the  function  of  these  nerves  was  not  only  interesting, 
per  86,  but  also  as  forming  an  appropriate  introduction  to  the  nearer 
investigation  of  the  nervous  mechanism  of  the  mammalian  heart. 

The  following  observations  on  the  accelerans  will  be  first  re- 
corded: — 

Hitherto  in  the  dog,  the  experiments  on  the  accelerans  nerve  have 
been  carried  out  almost  exclusively  with  that  of  the  right  side.  It 
was  more  convenient  in  the  present  case  to  work  with  the  left  nerve 
(Ansa  Yieusseni).  The  author  has  observed  that  in  many  cases 
stimulation  of  the  left  accelerans  is  without  any  influence  on  the 
rhytiim  of  the  heart ;  and  that  this  was  not  due  to  accident,  such  as 
lowering  of  the  temperature,  was  shown  by  the  control  stimulation  of 
the  right  accelerans.  This  fact  is  not  without  importance  for  the 
remainder  of  the  research,  as  will  be  seen. 

Minimal  electrical  stimulation  of  the  vagus  overcomes  completely 
the  action  of  the  accelerans,  but  the  accelerans  overoomes*  the  normal 
slight  tonic  action  of  the  vagus  (Baxt).  In-  an  experiment  of  the 
author  there  existed,  owing  to  stimulation  of  the  meclulla,  a  most 
powerful  tonic  vagus  action.     Thus — 

Average  of  pulse  beats  before  division  of  vagii. ...      8 
„  „  alter        „  „      . . .    io 

Yet  stimulation  of  the  accelerans  overcame  this  and  produced 
marked  quickening.  If  during  the  stimulation  of  the  accelerans  a 
very  small  cardiac  branch  of  vagus  (in  the  thorax)  were  stimulated, 
it  exerted  its  inhibitory  influence,  and  overcame  the  accelerans, 
though  it  did  not  depress  the  pulse  to  the  same  degree  that  the  tonic 
vagus  action  did.  With  our  present  knowledge,  this  experiment 
points  to  a  difference  between  the  stimulation  of  a  nerve  from  its 
centre,  and  the  electrical  stimulation  of  its  trunk. 

The  ventricular  nerves  are  very  numerous,  but  require  in  the  dog  the 
use  of  special  methods,  in  order  to  be  seen  well ;  the  author  recom- 
mends strong  carbolic  acid  for  this  purpose.  These  nerves  form  at  any 
rate  the  greater  part  of  the  nervous  connexion  between  the  auricle 
and  ventricle.  They  cannot  be  adequately  stimulated  after  they  have 
passed  on  to  the  ventricle;  since  the  stimulus  afiects  the  heart  itself 
too.     This  is  more  particularly  the  case  for  electrical  stimulation.    As 
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is  well  known,  verj  sliglit  stimalation  with  a  Faradaic  current 
destroys  tlie  activity  of  the  ventricle  by  bringing  about  a  peculiar  con- 
dition of  fibrillar  oontractiond. 

The  author's  procedure  was  as  follows  :  The  ventricular  nerves  pass 
on  to  the  ventricle  at  definite  points  of  the  auricular  ventricular 
boundary,  where  they  are  collected  into  larger  trunks.  He  has 
observed  that  division  of  these  trunks  has  no  influence  on  the  rhythm 
of  the  heart,  nor  does  it  in  any  way  impair  the  action  of  the  vagus  or 
accelerans  nerve.  These  ventricular  nerves  are  therefore  not  essential 
to  any  of  these  processes. 

The  ventricular  nerves  are  the  continuation  of  certain  definite 
cardiac  nerves,  which  can  be  isolated  dn  the  thorax  at  a  distance  from 
the  heart.  When  ^  these  cardiac  nerves  are  stimulated,  some  of  the 
ventricular  nerves  must  be  stimulated  too.  In  particular/  the  majority 
of  the  nerves  on  the  posterior  surface  ti  the  heart,  are  derived  firom  a 
trunk  which  arises  either  from  the  lefb  vagus  ganglion,  or  from  some 
part  of  the  Ansa  Yieusseni.  This  nerve  usually  runs  quite  isolated 
to  the  heart.  The  result  of  stimulation  of  the  peripheial  end  of  this 
nerve  are  as  follows: — 

Out  of  14  e^eriments,  it  exerted  in  4  a  vagus  action,  without  any 
acceleration ;  in  2  an  acceleratory  action  without  any  inhibitory ;  in 
8  it  had  no  influence  on  the  rhythm.  The  nerve  sometimes  gives  off 
obvious  branches  to  the  auricle;  in  some  of  the  cases  where  no 
influence  on  the  rhythm  was  produced,  these  had  been  cut  aveay. 
Particular  attention  was  given  to  this  nerve,  because  it  is  easy  to 
isolate,  and  because  it  certainly  contains  fibres  which  go  on  to  the 
ventricle. 

The  author  also- atimulatM  the  other  cardiac  branches,  which  are 
in  obvious  connexion  with  the  ventricular  nerves.  Sometimes  they 
produced  inhibition,- sometimes 'acceleration,  but  also  in  this  case  the 
division  of  the  trunks  which  continue  these  nerves  on  to  the  ventricle 
did  not  produce  any  change  in  the  result  of  their  stimulation.  The 
author  from  the  above  observations  concludes  that  the  ventricular 
nerves  have  no  direct  influence  on  the  rhythm  of*  the  heart. 

Stimulation  of  the  central  end  of  those  cardiac  nerves,  which  are 
continued  on  to  the  ventricle,  ia  followed  by  marked  reflex  phenomena ; 
and  this  fact,  in  conjunction  with  the  negative  result  just  recorded, 
leads  the  author  tor  regard  the  ventricular  nerves  as  being  chiefly 
sensory,  or  more  exactly,  centripetal. 

The  reflex  phenomena  are,  rise  and  fall  of  blood  pressure,  slowing 
and  quickening  of  the  pulse.  On  placing  a  small  piece  of  blotting 
paper  soaked  in  acetic  acid  on  to  the  surface  of  the  ventricle  in  the 
rabbit,  a  rise  of  blood  pressure  was  observed ;  the  acetic  add  was 
moderately  strong;  a  second  application  to  the  same  part  had  no 
efEect.     On  tearing  through  the  nerve  trunks  from  which  the  ven- 
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tricular  nerves  start,  reflex  movements  of  the  animal  (dog)  were 
observed. 

The  reflex  acceleration  of  the  heart  beat,  to  be  obtained  hj  central 
stimulation  of  the  cardiac  nerves,  is  marked,  and  is  not  due  to  change 
in  blood  pressure.  The  fact  that  sensorj  nerves  go  to  the  heart  was 
shown  long  ago  by  Ludwig  and  Cjon's  discovery  of  the  depressor 
nerve  in  the  rabbit. 

In  the  dog  a  large  nerve  (or  two  smaller)  runs  from  the  left  vagns 
ganglion  and  sometimes  from  the  trunk,  and  ends  chiefly  between  the 
coats  of  the  aorta,  giving  occasionally  a  branch  to  the  Arteria 
Pulraonalis.  The  peripheral  stimulation-  of  this  nerve  is  without 
efiect.  The  central  stimulation  prodneee^  slowing  of  the  heart  and 
fall  of  blood  pressure ;  sometimes  the  slowing  is  followed  by  accelera- 
tion.    The  nerve  is  verj^  sensitive  to  mechanical  stimulation. 

The  extent  and  importance  of  the  centripetal  nerves  which  come 
from  the  heart  and  great  vessels,  is  clearly  shown  in  the  author's 
experiments.  Whether  the  ventricular  nerves  are  solely  centripetal 
or  not  has  not  been  fully  determined.  It  is  rendered  probable  by  the 
author's  experiments,  that  both  vagus  and  accelerans  act  on 
mechanisms  in  the  auricles.  In  some  cases  the  author  has  observed 
changes  of  blood  pressure  follow  stimulation  of  the  peripheral  ends  of 
nerves  going  direct  to  the  heart,  either  without  any  change  in  the 
beat,  or  withoat  a  corresponding  change.  But  his  observations  on 
this  point  are  too  few  to  draw  definite  conclusions.  The  mercurial 
manometer  was  used.  The  dogs  were  narcotized  with  opium,  and 
then  the  brain  divided  through  the  pons,  the  object  being  to  render 
the  subsequent  steps  of  opening  the  thorax  painless,  and  still  to  pre- 
serve reflex  actions. 


IV.  "  Note  on  the  Motor  Roots  of  the  Brachial  Plexus,  and  on 
the  Dilator  Nerve  of  the  Iris."  By  David  Ferrier,.  M.D.', 
LL.D.,  F.R.S.,  Professor  of  Forensic  Medicine  in  Kings 
College.    Received  April  24,  1883. 

In  a  communication  to  the  Royal  Society  (published  in  th»  "  Proc- 
Roy.  Soc.,"  vol.  32,  1881)  on  the  "  Functional  Relations  of  the  Motor 
Roots  of  the  Brachial  and  Lumbo- Sacral  Plexuses,*'  my  colleague, 
Professor  Gerald  Yeo,  and  myself  gave  an  account  of  the  results  of 
electrical  stimulation  of  the  several  motor  roots  of  the  brachial  and 
crural  plexuses  in  the  monkey.  We  there  described  the  muscular 
actions  of  the  upper  extremity  as  resulting  from  stimulation  of  the 
first  dorsal  up  to  the  fourth  cervical  nerve. 

The  careful  dissections  made  at  our  request  by  Mr.  W.  Tyrell 
Brooks,  Demonstrator  in  the  Physiological  Laboratory,  King's  College, 
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and  a  repetition  of  the  stimnlation  experiments  which  I  have  made, 
have  revealed  an  error  in  the  enumeration  of  the  roots  of  the  brachial 
plexus,  which,  in  common  with  Professor  Yeo,  I  wish  to  correct.  YThat 
we  took  for  the  first  dorsal  nerve  has  proved  in  reality  to  be  the 
second  dorsal.  Hence  the  results  of  the  experiments  must  be  read  as 
applying  to  the  spinal  nerves  from  the  second  dorsal  to  the  fifth 
cervical  respectively,  instead  of  from  the  first  dorsal  to  the  fourth 
cervical,  as  stat^  in  onr  paper. 

The  anterior  division  of  the  second  dorsal  nerve  in  the  monkey, 
apparently  invariably,  gives  a  well  developed  communicating  branch 
to  the  first  dorsal,  besides  giving  off  the  second  intercostal  nerve  and 
a  branch  to  the  stellate  or  inferior  cervical  ganglion  of  the  sympa- 
thetic. 

The  three  branches,  as  seen  in  a  dissection  made  for  me  by  Mr. 
Brooks,  seem  pretty  equal  in  size,  and  all  come  off  from  the  main 
trunk  together. 

The  brachial  ploxus  in  man  is  not  usaally,  in  text-books  of  ana- 
tomy, considered  as  deriving  any  of  its  component  roots  below  the 
first  dorsal.  In  "  Quain's  Anatomy  *'  (9th  ed.,  p.  619),  however,  a 
branch  from  the  second  to  the  first  dorsal  is  given  as  a  variety.  On 
this  subject  Dr.  D.  J.  Cunningham  has  published  a  note  in  the 
"Journal  of  Anatomy  and  Physiology,'*  vol.  xi,  Part  III,  p.  539, 1877. 
Dr.  Allen  Thomson  having  mentioned  to  him  that  he  had  on  one  or 
two  occasions  seen  such  a  communicating  branch  in  man,  he  in- 
vestigated the  point,  with  the  result  of  finding  a  communicating 
branch  from  the  second  to  the  first  dorsal  in  twenty-seven  out  of 
thirty-seven  dissections.  Of  the  ten  cases  where  it  was  not  found, 
five  were  so  complicated  by  previous  interference  in  the  dissecting- 
room  or  by, pleuritic  adhesioils  and  thickenings,  that  they  may  be  con- 
sidered as  doubtful.  But,  even  including  these,  it  appears  that  the 
second  dorsal  sends  a  communicating  branch  to  the  first  in  seventy- 
three  per  cent,  of  the  cases.  Hence  it  should  be  considered  as  more  than 
a  mere  variety.  If  a  perfect  homology  exists  between  the  roots  of  the 
plexus  in  man  and  the  monkey,  the  second  dorsal  root  wonld  be  the  one 
presiding  over  the  intrinsic  muscles  of  the  hand.  Presumably  in 
those  cases  where  it  is  not  found,  its  functions  are  represented  in 
the  first  dorsal. 

BUator  Nerve  of  the  Iris, — Professor  Yeo  and  I  mentioned  in  our 
paper  («tip.  cit)  that  in  one  case  in  which  we  directed  special  attention 
to  the  pupil,  stimulation  of  the  anterior  roots  ^m  the  first  dorsal  to 
the  fourth  cervical — in  reality  from  the  second  dorsal  to  the  fifth 
cervical — caused  no  change  in  the  pupil,  though  the  movements  of 
the  limb  occurred  with  regalarity. 

I  have  since  investigated  this  point  daring  the  course  of  another 
research  on  which  I  have   been  for  some  time  engaged.     I  have 
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experimented  on  fonr  monkeys.  The  animals  were  thoronghlj 
narootised  with  chloroform,  and  kept  so  daring  the  whole  conrse  of 
the  experiments.  The  posterior  roots  of  the  nerves  nnder  investiga- 
tion were  cat,  and  the  anterior  stimolated  within  the  vertebral  canal, 
with  a  weak  induced  earrent  from  the  secondary  coil  (distant  20—15 
centims.)  of  a  Da  Bois  Beymond*s  magneto-electromotor  and  one 
Daniell.  As  in  former  experiments,  a  large  flat  electrode  was  placed 
on  the  sacram  as  a  ueabral  poiat,  the  exciting  electrode  being  a 
hooked  needle,  by  means  of  which  the  roots  ooald  be  easily  insalated 
and  separately  stimalated. 

In  the  first  experiment  I  failed  to  obtain  dilatation  of  the  pupil 
from  stimulation  of  the  spinal  roots  from  the  second  dorsal  np  to  the 
fourth  cervical,  though  the  functional  activity  of  the  roots  was 
indicated  by  movements  of  ihe  limb.  In  the  second  I  exposed  the 
dorsal  roots  from  the  eighth  up  to  the  third  inclosiva.  Though 
different  strengths  of  current  were  tried  no  change  in  the  pupil 
occurred,  unless  when  the  current  was  so  strong  as  to  cause  diffuse 
stimulation.  In  such  ease  both  pupils  would  occasionally  become 
dilated,  as  under  sensory  stimulation,  in  general  The  functional 
activity  of  the  roots  under  investigation  was  shown  by  contraction  of 
the  thoracic  muscles  on  the  side  of  jtimulation. 

In  the  third  experiment,  however,  results  were  obtained  of  such 
definiteness  and  uniformity,  as  to  indicate  almost  without  further 
confirmation  the  origin  of  the  dilator  nerve  of  the  iris. 

In  this  experiment  the  spinal  nerves  were  exposed  from  the  sixth 
cervical  to  the  eighth  dorsal  inclusive.  The  posterior  roots  were  cut 
on  the  left  side,  and  the  anterior  roots  stimalated,  while  the  eyes  were 
carefully  observed  by  two  assistants — ^my  pupils,  Mr.  Norvill  and 
Mr.  East.  Dilatation  of  the  left  pupil  occurred  almost  invariablf  on 
stimulation  of  the  second  dorsal  roo^,  whereas  no  x^hange  whatever 
could  be  perceived  on  stimulation  of  any  of  the  other  exposed  roots. 
This  was  verified  over  and  ovetr  again,  and  the  several  roots  repeatedly 
compared  with  each  other.  The  distance  of  the  sctoondarj  coil  in  this 
experiment  ranged  from  20 — 18  cantims. 

Stronger  currents  not  carefully  insalated  caused  dilatation  of  both 
pupils  wherever  the  stimulation  was  applied,  an  expression  only  of 
general  sensory  stimulation. 

After  death  a  careful  dissection  was  made  for  me  by  Mr.  Bix>oks, 
and  the  effective  root,  which  was  marked,  proved  .to  be  the  second 
dorsal.  An  examination  with  a  lens  showed  that  the  fibres  of  the 
posterior  root  of  this  nerve  had  been  completely  severed. 

The  results  of  the  third  experiment  were  entirely  ^confinned  by  the 
fourth,  which  was  carried  out  alike  in  every  detail. 

In  this  I  exposed  the  spinal  nerves  from  the  seventh  cervical  to  the 
fourth  dorsal,  and  cut  the  posterior  roots  on  the  left  side. 
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Here  again  with  the  utmost  uniformity  on  each  stimulation  of  the 
second  dorsal  the  left  pnpil,  and  this  one  onlj,  became  widely  dilated, 
whereas  stimulation  of  the  other  roots  was  entirely  negative  in  respect 
to  the  pupil. 

I  ascertained  in  this  experiment  that  a  strength  of  current  which 
would  suffice  to  excite  the  muscles  of  the  limb  or  trunk  to  action,  would 
frequently  fail  to  cause  any  dilatation  of  the  pupil  when  applied  to  the 
second  dorsal.  Somewhat  stronger,  but  yet  barely  perceptible  on  the 
tongne,  the  current  at  once  caused  the  pupil  to  dilate.  Occasionally 
also  if  the  second  root  had  been  stimulated  repeatedly,  the  iris  failed 
to  respond,  probably  from  mere  exhaustion  of  the  nerve. 

Circomstances  such  as  these  wonld,  I  think,  account  for  the  absence 
of  the  pupil-reaction  in  my  first  experiment,  and  also  in  the  experi- 
ment related  by  Professor  Yeo  and  myself,  where  the  second  dorsal 
root  was  really  under  stimulation. 

The  general  result  of  these  experiments  is  to  show  that  in  the 
monkey,  and  presumably  also  in  man,  the  dilator  fibres  of  the  iris, 
contained  in  the  cervical  sympathetic,  are  derived  from  the  anterior 
root  of  the  second  dorsal  nerve. 

The  Society  adjourned  over  the  Whitsuntide  Recess  to  Thursday, 
May  24th. 


Preeents,  April  5,  1883. 
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« 


On  the  Function  of  the  Sound-post  and  on  the  Propor- 
tional Thickness  of  the  Strings  of  the  Violin."  By  William 
HUGGINS,  D.C.L.,  LL.D.,  F.R.S.    Received  May  21,  1883. 

Sir  John  Herschel  says :  **  It  (the  bridge)  sets  the  wood  of  the 
apx>er  face  in  a  state  of  regalar  vibration,  and  this  is  commnnicated 
to  the  back  throngh  a  peg  set  np  in  the  middle  of  the  fiddle,  and 
through  its  sides,  called  the  'sonl'  of  the  fiddle,  or  its  sonnding- 
post."* 

Savart  says:  "L'4me  a  poor  nsage  de  transmettre  an  fond  les 
vibrations  de  la  table  ....  son  diametre  est  determine  par  la 
4]iiaJit6  dn  son  qn'on  vent  avoir;  il  est  maigre  qnand  elle  est  trop 
mince,  et  sourd  qnand  elle  est  trop  grosse."t 

Dagnin,  in  his  "  Traits  de  Physiqne,"  devotes  a  whole  page  to  the 
discnssion  of  the  functions  of  the  sonnd-post.  The  most  important 
sentences  are  the  following  : — "  ....  I'^me  n'agit  pas  comme  con- 
dnctenr  da  son  ....  11  nous  semble  qae  Ton  doit  expliqner  Teffet 
^ie  r^e  de  la  maniere  qui  snit.  L*d,me,  on  les  pressions  ezt^rienrs  par 
lesqnelles  on  la  remplace,  a  ponr  effet  de  donner  an  pied  dn  chevalet 
«Ln.  point  d'appni  antonr  dnqnel  il  vibre  en  battant  snr  la  table  de  son 
Autre  pied.  Si  Tnn  des  pieds  n'^tait  appay6  snr  nn  point  fixe,  il  se 
releverait  pendant  que  I'aatre  s'abaisserait,  paroeqne  les  cordes 
si'a^sent  pas  normalement  k  la  table,  pnisque  I'archet  les  6branle 
"tres  obHqnement,  ce  qni  entnune  le  chevalet  dans  nn  monvement 
transversal  qnand  il  n*a  pas  de  point  d'appni  fixe.  Lorsqne  I'archet 
^est  dirige  normalement  anx  tables,  cet  inconvenient  n'existe  plus,  et 
Tkrae  n'est  pins  n^cessaire.":^ 

Helmholtz  says :  "  The  vibrating  strings  of  the  violin,  in  the  first 
place,  agitate  the  bridge  over  which  they  are  stretched.  This  stands 
on  two  feet  over  the  most  mobile  part  of  the  belly  between  the  two 

•  'f*  Bncydopodia  Metropolitana,"  Article  "  Sound,"  p.  804. 
f  *'  M^moire  snr  la  Construction  [des  Listruments  k  Cordes  et  k  Archet/*  Sto., 
Paris,  1819.    Also  Biot's  "  Report,"  "  Ann.  de  Chimie,"  tome  12,  pp.  225-255. 
J  "  Traits  de  Physique,  Acoustique,"  tome  1,  p.  675, 
WOL.  XXXV.  B    • 
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^/'  holes.  One  foot  of  the  bridge  rests  upon  a  comparatiyel j  fimb 
support,  namely,  the  sonnd-post,  which  is  a  solid  rod  inserted  between^ 
the  two  plates,  back  and  belly,  of  the  instrument.  It  is  only  the 
other  leg  which  agitates  the  elastic  wooden  plates,  and  through  them 
the  included  mass  of  air."* 

The  experimentst  which  follow  have  been  made  for  the  purpose  of 
ascertaining  whether  it  be  any  part  of  the  function  of  the  sound-post 
to  convey  vibrations  to  the  back,  or  whether  this  post  acts  solely  as  a 
prop  supporting  the  belly,  so  that  its  elasticity  is  not  injured  by  the 
pressure  from  the  strings,  and  also,  as  Daguin  states,  affords  the  firm 
basis  which  he  considers  necessary  for  one  foot  of  the  bridge. 

Mr.  Hill,  and  other  practical  men,  maintain  that  the  quality  of  the- 
wood  of  which  the  sound-post  is  made  affects  the  tone  of  the  violin, 
as  undoubtedly  do  very  minute  differences  of  position.  If  the  quality 
of  the  wood  is  important  we  must  admit  that  vibrations  are  conveyed 
by  the  post. 

Whether  or  not  the  sound-post  exercises  the  function  of  trans— 
mitting  vibrations,  it  is  obvious  (1)  that  it  performs  the  important 
duty  of  contributing  to  the  support  of  the  belly ;  (2)  that  the  nodal 
arrangement  of  the  belly,  and  also  that  of  the  back,  are  influenced  1^ 
the  pressure  of  the  ends  of  the  post  against  the  upper  and  loweir 
plates ;  (3),  that  Helmholtz  is  right,  at  least  so  far  that  the  leg  of  the- 
bridge  under  the  4th  or  Q  string  has  much  more  power  than  the  other^ 
in  setting  the  belly  into  vibration. 

The  usual  way  of  investigating  vibrations  by  the  scattering  of 
sand  over  the  surface  of  the  agitated  body  is  difficult  of  application 
to  the  violin,  on  account  of  the  curved  form  of  the  upper  and  lower^ 
plates.  I  found  a  convenient  method  to  be  by  the  use  of  what  I  may 
call  a  touch-rod.  It  consists  of  a  small  round  stick  of  straight- 
grained  deal  a  few  inches  long ;  the  forefinger  is  placed  on  one  end,, 
and  the  other  end  is  put  lightly  in  contact  with  the  vibrating  surface. 
The  finger  soon  becomes  very  sensitive  to  small  differences  of  agitatioik 
transmitted  by  the  rod. 

The  experiments  were  made  on  a  strongly  made  modem  violin,  and 
in  some  cases  repeated  on  a  fine  violin  by  Stradiuanus  in  the  posses- 
sion of  the  writer. 

The  sand  method,  and  also  the  touch-rod,  showed  that  the  position 
of  maximum  vibration  of  the  belly  is  close  to  the  foot  of  the 
bridge  under  the  4th  or  G  string.  The  place  of  least  vibration  is 
exactly  over  the  top  of  the  sound-post  behind  the  other  foot  of  the 
bridge.     The  back  is  strongly  agitated,  the  vibrations  being  least 

•  "  Sensations  of  Tone,"  translated  hj  Ellis,  p.  137.  In  the  4fch  German  edition 
tliis  passage  remains  unaltered. 

t  I  wish  to  express  my  indebtedness  to  Mr.  A.  J.  Ellis,  F.B.S.,  for  some  snggea* 
tioQs  in  connexion  with  these  experiments. 
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powerfhllj  felt  where  the  sound-post  rests,  which  is  at  nearly  the 
thickest  part  of  the  back.  These  effects  were  yeiy  satisfactorily 
observed  on  a  yioloncello,  where  the  phenomena  are  on  a  larger  scale. 

When  the  sonnd-post  was  removed  from  the  violin,  the  large 
difference  of  the  amonnt  of  vibration  on  the  two  sides  of  the  belly 
was  no  longer  present,  the  belly  was  about  equally  strongly  agitated 
on  both  sides,  making  allowance  for  the  string  which  was  bowed. 
The  tone  became  very  poor  and  thin,  as  is  well  known  to  be  the  case 
when  the  sound-post  is  removed.  The  vibration  of  the  back  was  now 
very  feeble,  as  compared  with  its  vibration  when  the  sound-post  was 
present,  a  circumstance  in  &vour  of  the  view  that  the  sound-post 
conveys  vibrations  to  the  back. 

A  clamp  of  wood  was  prepared  which  could  be  so  placed  on  the 
violin,  as  to  connect  by  an  arch  of  wood  outside  the  violin  ^e  place 
of  the  belly  behind  the  bridge  where  the  top  of  the  sound-post 
presses,  with  the  place  of  the  back  where  it  rests.  It  was  expected 
that  the  wooden  arch  would  restore  to  some  extent  the  connexion  of 
belly  and  back  which  was  broken  by  the  removal  of  the  post,  and 
carry,  though  imperfectly,  vibrations  from  the  upper  plate  to  the 
back. 

When  this  clamp  was  put  on,  the  poor  and  thin  sound  was  altered 
to  the  fuller  character  of  tone  which  belongs  to  the  violin  when  the 
sonnd-post  is  in  its  place.  On  testing  the  condition  of  the  back  its 
normal  state  of  vibration  was  found  to  be  in  a  large  degree  restored. 
If,  while  the  strings  were  being  bowed,  the  clamp  was  suddenly 
removed,  the  tone  at  the  same  moment  fell  to  its  poor  character,  and 
the  vibration  of  the  back  as  instantly  diminished. 

It  was  further  observed  that  if  the  upper  part  of  the  clamp  pressed 
upon  the  belly  without  the  lower  part  coming  into  contact  with  the 
back,  the  tone  was  altered  in  the  same  direction  as  when  the  sound- 
post  was  present,  but  it  was  not  until  the  lower  part  of  the  clamp 
was  in  contact  with  the  back  that  the  normal  character  of  the 
tone  was  fully  restored.  A  similar  effect  to  that  resulting  from  the 
pressing  of  one  end  of  the  clamp  only  was  produced  by  firmly  placing 
one  end  of  a  wooden  rod  at  this  part  of  the  belly.  This  effect  may 
be  due  to  the  setting-up  in  the  belly,  by  pressure  at  this  part,  of 
the  peculiar  nodal  arrangement  which  the  post  produces  when  in  its 
place.* 

*  According  to  Daguin  some  similar  experiments  were  made  by  Savart,  but  I  have 
&IIed  to  find  them  in  those  of  his  papers  to  which  I  have  had  access. 

*'  On  pent  la  (I'&me)  mettre  en  dehors,  en  Tappuyant  k  ime  esp&ce  d'arcade  dont 

on  ooUe  lee  pieds  de  chaqne  c6t^  du  violin On  pout  la  remplacer  par  la 

preesion  d'nn  poids  convenable  appnj^  sur  la  table  sup^enre."  "  Savart  a  conclu 
de  Ik  que  Time  a  pour  effet  de  rendre  normales  les  vibrations  de  la  table.  .  .  .'* 
••Traits  de  Physique/*  tome  I,  p.  676. 
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There  oould  be  no  donbt  that  yibrations  were  carried  by  the 
clamp,  for  the  lower  end  was  powerfully  agitated  when  the  npper  end 
rested  npon  the  beUy.  If  the  sole  function  of  the  sound-post  is  to 
serve  as  a  firm  prop  for  the  foot  of  the  bridge,  it  should  fulfil  this 
condition  most  fully  when  placed  under  the  foot  of  ihe  bridge.  In 
this  position  of  the  sound-post,  however,  as  is  weU  known,  the  tone  is 
much  injured. 

In  order  to  separate  that  part  of  the  function  of  the  sound-post 
which  serves  as  a  support  from  the  further  function  it  may  possess  as 
a  transmitter  of  vibrations,  it  was  desirable  to  introduce  such  altera- 
tions in  the  structure  of  the  sound-post  as  would  enable  it  to  retain 
its  supporting  power,  and  yet  greatly  modify  and,  if  possible,  stop  its 
power  of  transmitting  vibrations.  A  sound-post  was  made  in  which 
about  half  an  inch  of  the  middle  was  cut  out,  and  a  piece  of  lead 
inserted,  also  a  sound-post  in  which  instead  of  lead  sealing-wax  was 
put  in.  The  effect  of  these  compound  posts,  which  retained  uninjured 
their  prop  power,  was  to  modify  greatly  the  quality  of  the  tone,  but 
not  to  diminish  its  quantity  in  any  marked  degree,  a  result  in  favour 
of  the  view  that  the  character  of  the  wood  of  which  the  post  is  made 
does  influence  the  tone,  and  that  vibration  is  transmitted  by  the  post 
As  these  compound  posts  could  transmit  vibrations  freely,  it  was 
desirable  to  contrive  a  post  which  would  not  carry  vibrations  and  yet 
form  a  firm  prop.  A  post  was  made  with  a  piece  of  hard  India- 
rubber  inserted  in  the  middle,  but  this  post  was  found  by  experiment 
with  a  tuning-fork  to  transmit  vibrations  to  some  extent.  Other 
materials  were  tried  without  success.  A  post  capped  at  each  end  with 
pieces  of  sheet  vulcanized  rubber  stopped  almost  completely  the 
Bound  of  a  tuning-fork  when  the  foot  of  the  fork  rested  on  the  rubber 
over  one  end  of  the  post,  while  the  other  end  equally  protected  witii 
robber  rested  on  a  body  capable  of  reinforcing  the  sound  of  the  fork. 
This  rubber-capped  post  was  firmly  fixed  in  position  in  the  violin,  so 
that  it  would  be  able  to  support  fairly  well  the  belly  and  foot  of  the 
bridge,  and  yet  not  be  able  to  carry  vibrations ;  unfortunately  it  does 
not  seem  possible,  from  the  nature  of  things,  to  have  a  rigid  prop 
which  does  not  transmit  vibrations,  but  tWs  post  with  thin  sheet 
rubber  at  the  ends  firmly  forced  into  position,  must  have  been  fairiy 
efficient  in  its  supporting  power.  The  effect  on  the  tone  was  about 
the  same  as  when  the  sound-post  was  removed.  When  the  wooden 
clamp  was  put  on,  then  the  normal  tone  returned,  and  the  back 
Tibrated  strongly. 

These  experiments  appear  to  show  that  the  sound-post  is  more  than 
a  prop,  and  that  besides  its  other  functions,  it  does  transmit  vibrations 
to  the  back  in  addition  to  those  which  are  conveyed  through  the  sides. 

Experiments  with  sand  and  the  touch-rod  appear  to  me  to  show 
that  Helmholtz's  statement  is  too  absolute  when  he  says  "  it  is  onlj 
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the  other  leg  of  the  bridge  which  agitates  the  elastic  wooden  plates." 
Undonbtedly  it  is  the  4th  string  foot  of  the  bridge  which  is  the 
more  powerfdl  in  agitating  the  upper  plate,  bnt  the  other  foot  appears 
to  me  also  to  have  an  inflnonce.  When  the  post  is  placed  ezactlj 
under  the  foot  of  the  bridge,  then  the  belly  on  this  side  is  almost 
without  vibration ;  if  the  post  is  absent,  then  this  foot  appears  to 
agitate  its  own  side  of  the  belly  as  strongly  as  the  other  foot. 
As  there  is  no  post  on  the  4th  string  side  of  the  fiddle,  that  foot 
stands  in  a  position  most  fayonrable  for  setting  up  vibrations  in  the 
belly,  being  nearly  halfway  between  the  supports  of  the  belly  at  the 


tail  and  the  neck  end  of  the  violin.  The  other  side  of  the  belly,  on 
the  1st  string  side,  where  the  other  foot  of  the  bridge  rests,  is 
divided  into  two  parts  by  the  damping  e£fect  of  the  end  of  the  sound- 
poet,  namely,  the  part  a  and  the  part  h.     It  is  obvious  that  this  foot 


of  the  bridge  is  unfavourably  placed  for  setting  the  part  of  the  belly, 
h,  into  vibration,  since  it  is  so  far  from  its  central  mobile  part.  On 
the  other  hand,  its  position  is  favourable  for  a  portion  of  its  energy 
of  vibration  to  be  transmitted  through  the  post  to  the  back. 

Practically  very  small  differences  of  position  of  the  top  of  the  post 
behind  the  foot  of  the  bridge  are  found  to  alter  largely  the  character 
of  the  tone  of  the  fiddle,  and  in  the  case  of  fine  instruments  the 
setting  of  the  post  is  an  operation  demanding  much  care  and  judg- 
ment. The  explanation  lies  probably  in  the  circumstance  that  a 
small  difference  in  the  position  of  the  post  will  alter  greatly  the  pro- 
portion of  energy  passing  through  the  post  to  that  which  is  absorbed 
into  vibrations  of  this  side  of  the  belly.  At  the  same  time  it  must  also 
alter  slightly  the  nodal  arrangement  of  the  belly  which  must  have  an 
influence  on  the  tone.  If  from  the  form  of  construction,  or  relative 
qoality  of  the  wood  of  the  upper  plate  as  compared  witk  the  under 
plate,  the  conditions  of  a  violin  are  such  that  the  highest  quality  of 
tone  of  which  it  is  capable  requires  a  relatively  larger  amplitude  of 
vibration  of  the  back,  the  position  of  the  sound-post  should  be  nearer 
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tlie  bridge.  In  a  contrary  condition  of  tlimgs  tlie  sonnd-post  slionld 
be  farther  from  tbe  bridge.  The  extreme  range  needed  in  different 
violins  is  abont  a  quarter  of  an  inch.  At  the  same  time  any  shift  of 
the  post  mnst  affect  the  relative  mobility  of  the  two  sides  of  the  belly. 

If  the  sonnd-post  transmits  vibrations,  these  will  be  in  addition  to 
those  received  from  the  sides  of  the  violin.  It  may  be,  therefore,  that 
one  condition  which  determines  the  best  position  of  the  post,  is  the 
degree  in  which  from  their  form  and  material  these  fulfil  this  dnty. 
All  the  sides  mnst  share  in  this  duty,  but  the  touch-rod  shows  that  a 
large  part  of  this  action  is  borne  by  the  parts  of  the  sides  which 
curve  inwards  under  where  the  strings  are  bowed.  It  is  in  harmony 
with  this  view  that  Mr.  Hill  states",  that  if  the  inside  blocks  at  the 
comers,  which  are  put  to  strengthen  these  parts,  extend  in  a  small 
degree  into  these  curved  portions,  the  tone  is  injured. 

The  plane  of  the  vibrations  of  the  strings  is  that  in  which  they  are 
bowed,  which  is  more  or  less  oblique  to  the  bridge.  The  vibrations 
may  be  considered  divided  into  two  sets  at  right  angles  to  each 
other,  a  and  h. 


The  touch-rod  shows  that  these  vibrations  exist  strongly  in  the 
upper  part  of  the  bridge.  I  venture  to  suggest  that  the  use  of  the 
peculiar  cutting  of  the  bridge,  which  was  finally  fixed  from  trials  by 
Stradiuarius,  is  to  sift  the  vibrations  communicated  by  the  strings 
and  to  allow  those  only,  or  mainly,  to  pass  to  the  feet  which  would 
be  efiicient  in  setting  the  body  of  the  instrument  into  vibration, 
the  other  vibrations  which  would  be  injurious  in  tending  to  give  a 
transverse  rocking  motion  to  the  bridge  being  for  the  most  part 
absorbed  by  the  greater  elasticity  given  to  the  upper  part  of  the  bridge 
by  the  cutting.  Below  the  two  large  lateral  cuts  the  touch-rod  shows 
a  very  great  falling  off  of  the  vibrations  h.  In  the  case  of  a  violon- 
cello these  vibrations  were  also  very  greatly  reduced  below  the  side 
openings  of  the  bridge. 

The  violin  on  which  the  experiments  were  made  was  without  a  bass 
bar,  which  is  a  piece  of  pine  glued  to  the  under  side  of  the  belly  on 
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ihe  4^h  string  side.  This  bar  is  regarded  as  strengthening  the 
belly,  and  also  enabling  it  to  respond  better  to  the  lower  notes.  The 
ionch-rod  showed  no  difference  in  the  general  behayionr  of  this 
▼iolin,  from  a  fine  one  by  Stradioarins  containing  a  bass  bar.* 

On  the  Proportional  Thickness  of  the  Strings. 

A»  the  lengths  of  the  strings  are  the  same,  we  have  only  the  two 
4X>nditions  of  weight  and  tension  on  which  their  pitch  depends.  It  is 
obvions  that  for  eqnal  pressure  on  the  feet  of  the  bridge,  as  well  as  for 
more  convenient  fmgering  and  bowing,  the  strings  should  be  at  the 
«ame  tension.  They  should,  therefore,  differ  in  weight,  so  as  to  give 
fifths  when  brought  to  the  same  tension.  The  weights  of  the  strings 
must  be  inversely  as  the  squares  of  the  number  of  vibrations,  which, 
in  the  case  of  fiMs,  is  as  3  to  2,  namely,  as  9  to  4.  As  the  first  three 
strings  are  of  the  same  material,  it  is  more  convenient  to  take  their 
-diameters,  which  must  be  as  3  to  2,  that  is,  each  string  in  advancing 
irom  the  1st  string  must  be  half  as  thick  again  as  the  string  next  to 
it.  In  the  case  of  the  4th  string  covered  with  wire,  we  must  find  the 
weight  of  the  3rd  string  of  gut,  and  take  a  4th  string  of  which  the 
weight  is  9  to  4  for  the  3rd  string. 

A  good  average  thickness  of  2nd  (A)  string  is  0  '0355  inch.  Then 
*be  strings  should  be — 

1st  =  0-0237 
2nd  =  0-0355 
3rd  =  0  0532 

A  gut  string  0*0532  inch  in  diameter  weighs,  when  of  the  same 
length  as  a  4th  string,  0*98  grm.,  then  the  4th  =  220  grms. 

Bnffini  sells  sets  of  strings  in  sealed  boxes,  and  these  were  found  to 
be  in  about  the  same  relative  proportion  to  each  other  as  the  sizes 
indicated  on  the  gauges  sold  by  several  makers. 

The  measures  of  a  set  of  Buffini's  strings  were  found  to  be — 

1st  =  0  -0265  inch. 
2nd  =  0-0355    „ 
3rd  =  0  0460    „ 
4th  =  1  -4100  grm. 

*  In  the  "  Early  History  of  the  Yiolin  Family/'  Engel,  speaking  of  the  Orwth, 
;say8 : — **  Furthermore,  the  contrirance  of  placing  one  foot  of  the  bridge  through 
^he  sound-hole,  in  order  to  cause  the  pressure  of  the  strings  to  be  resisted  by  the 
hack  of  the  instrument,  instead  of  by  the  belly,  is  not  so  extraordinary  and  peculiar 
to  the  Orwth  as  most  writers  on  Welsh  music  maintain.  It  may  be  seen  on  certain 
Oriental  instruments  of  the  fiddle  kind  which  are  not  provided  with  a  sound-post. 
for  instance,  the  bridge  is  thus  placed  on  the  three-stringed  fiddle  of  the  modem 
Greek,  which  is  only  a  variety  of  the  ordinary  rab^b,  but  which  the  Qreeks  call 
lyra.  Inappropriate  as  the  latter  designation  may  appear,  it  is  suggestive,  inasmuch 
.as  it  points  to  the  ancient  lyra  as  the  progenitor  of  the  fiddle." — P.  28. 
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It  will  be  seen  that  the  Ist  string  is  thicker,  and  the  3rd  thinner, 
and  the  4th  mach  lighter  than  the  theoretical  yalnes.  Therefore  the- 
tension  of  the  1st  string  would  be  greater,  and  that  of  the  3rd  and 
4th  strings  less  than  they  should  be  in  relation  to  that  of  the  2nd 
string.  The  greater  flexural  rigidity  of  the  4th  string  will  have  a 
small  effect  in  the  direction  of  making  the  vibrations  quicker,  and 
therefore  of  making  the  tension  required  less. 

By  means  of  a  mechanical  contrivance  I  found  the  weights  neceB- 
sary  to  deflect  the  strings  to  the  same  amount  when  the  violin  was  in 
tnue.  The  results  agreed  with  the  tensions  which  the  sizes  of  the 
strings  showed  they  would  require  to  give  fifths. 

A  violin  strung  with  strings  of  the  theoretical  size  was  very  un* 
satisfactory  in  tone. 

The  explanation  of  this  departure  of  the  sizes  of  the  strings  which 
long  experience  has  shown  to  be  practically  most  suitable,  from  the 
values  they  should  have  from  theory,  lies  probably  in  the  circumstance 
that  the  height  of  the  bridge  is  different  for  the  different  strings.  It 
is  obvious,  where  the  bridge  is  high,  there  is  a  greater  downward 
pressure.  Bj  this  modification  of  the  sizes  of  the  strings  there  is  not- 
the  greater  pressure  on  the  4th  string  side  of  the  bridge,  which  would 
otherwise  be  the  case.  On  the  contrary,  the  pressure  is  less,  which 
may  assist  the  setting  of  the  belly  into  vibration.  There  is  also  the 
circumstance  that  the  strings  which  go  over  a  high  part  of  the  bridge 
stand  farther  from  the  finger-board,  and  have  therefore  to  be  pressed 
through  a  greater  distance,  which  would  require  more  force  than  is 
required  for  the  other  strings,  if  the  tension  were  not  less. 


II.  "Note  on  the  Atomic  Weight  of  Glucinum  or  Beryllium.*'^ 
By  J.  Emerson  Reynolds,  M.D.,  F.R.S.    Received  May  8, 

1883. 

In  the  course  of  a  paper  by  Professor  Humpidge  on  the  above  subject, 
recently  recul  before  the  Society,*  the  author  seeks  to  decide  between 
the  atomic  weight  9*2  for  beryllium,  resulting  from  my  comparison  of 
the  atomic  heat  of  the  element  with  that  of  silver  and  aluminium,t 
and  the  value  13'8,  arrived  at  by  MM.  Nilson  and  Pettejsson  by 
determination  of  specific  heat4  The  difference  between  the  twe 
possible  atomic  weights  is  so  small,  and  the  difficulties  met  with  in 

•  Bead  April  12, 1888. 

t  "  Ohemical  News,"  vol.  xxxv,  p.  124,  and  vol.  xlii,  p.  278.  A  slight  modiilca- 
tion  of  the  method  of  comparison  adopted  is  described  in  detail  in  the  writer^» 
"  Experimental  Chemistry  "  (Longmans),  Part  1,  pw  69. 

t  "  Pioo.  Boy.  Soc.,"  ToL  81,  p.  87. 
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attempting  to  prepare  eyen  a  few  decigrams  of  beryllium  are  so  great, 
that  both  sets  of  experiments  have  been  objected  to  on  the  ground, 
amongst  others,  that  the  metal  employed  was  in  all  cases  impure.  My 
specimen  admittedly  contained  a  minute  quantity  of  platinum,  and  the 
proportion  of  known  impurity  in  one  of  MM.  Nilson  and  Pettersson's 
specimens  reached  13  per  cent.  Unfortunately,  Professor  Humpidge*s 
metal,  though  claimed  to  be  the  purest  yet  prepared,  is  shown  by 
analysis  to  be  rather  less  pure  than  one  of  the  specimens  employed  by 
Nilson  and  Pettersson,  hence  the  experiments  lately  made  known  to 
the  Society  do  not  carry  the  inquiry  beyond  the  point  previously 
reached,  save  in  one  noteworthy  particular,  namely,  that  there  appears 
to  be  a  considerable,  though  irregular,  rise  in  specific  heat  of  the 
element  as  the  proportion  of  impurity  diminishes ;  but  the  value 
is  still  much  below  that  required  for  the  atomic  weight  9*2.  Thus  for 
a  specimen  of  beryllium  which  contained  13  per  cent,  of  known 
impurity  Nilson  and  Pettersson  obtained  the  specific  heat  0*4084 
between  0°  and  100"  C,  and  for  a  less  impure  specimen  0*425 ;  while 
Professor  Humpidge,  in  one  of  his  experiments  with  a  material  that 
contained  6  per  cent,  of  impurity,  found  the  specific  heat  to  be  nearly 
0*45  (0*4497).  In  all  these  cases  corrections  were  applied  which  were 
believed  to  eliminate  the  effects  due  to  the  impurities  known  to  be 
present — in  part  mechanically  mixed  with  the  metal  and  partly  alloyed 
with  it. 

These  results  all  tend  in  one  direction,  that  is  to  say,  to  apparent 
g^ain  in  specific  heat  with  increased  purity  of  material,  and  in  so  far 
they  approach  the  still  higher  value  obtained  in  my  old  experiments. 
But  even  if  the  latter  had  not  been  made,  the  apparent  rise  in  specific 
heat  shown  by  the  other  determinations,  would  suggest  the  necessity 
for  appeal  to  data  afforded  by  beryllium  of  undoubted  puriiy.  In  order 
that  further  experiments  should  now  be  considered  decisive,  the  metal 
should  not  only  be  pure,  but  in  the  form  of  a  homogeneous  mass 
obtained  by  fusion,  as  the  specimen  I  used  was  an  apparently 
xmcrystalline  product  of  fusion,  while  the  metal  employed  by  Nilson 
and  Pettersson  chiefly  consisted  of  *'  aggregations  of  little  prismatic 
needles,"  mixed  with  the  oxide. 

The  most  promising  source  of  pure  beryllium  is  the  double  fluoride 
of  the  element  and  potassium,  but  I  have  not  hitherto  succeeded  in 
making  the  product  of  reduction  form  a  button  of  metal. 

Professor  Hartley  has  very  recently  made  known  some  highly 
interesting  spectroscopic  evidence*  affecting  the  position  of  beryllium 
amongst  the  metals,  and  so  directly  bearing  on  the  question  of  ita 
valence  that  I  may  be  permitted  to  refer  to  the  results  in  this  place. 

If  the  atomic  weight  of  beryllium  be  13*8,  the  element  is  a  triad  and 
the  formula  of  its  oxide  must  be  Be^Og.  The  latter  therefore  resemblea 
*  In  a  oommunioation  read  before  the  Chemical  Society,  April  19, 1883. 
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Alumina  in  being  a  sesquiozide,  but  is  at  onoe  distinguislied  as  it  does 
not  afford  an  alnm-like  double  sulphate  as  do  alumina  and  its  homo- 
logues,  and  has  comparatively  little  in  common  with  that  group,  save 
the  tendency  to  form  highly  basic  salts.  Nilson  and  Pettersson,* 
admitting  this,  maintain  that  beryllium  is  a  leading  member  of  another 
group  of  triads,  which  includes  the  rare  earth-metals  scandium, 
yttrium,  lanthanum,  didymium,  terbium,  erbium,  &c.  The  recent 
spectroscopic  evidence  above  referred  to  is  opposed  to  this  contention, 
as  the  spectrum  of  berylHum  is  stated  to  be  wholly  unlike  the  spectra 
afforded  by  the  rare  earth-metals  with  which  it  is  classed  in  the  memoir 
above  cited.  If,  then,  beryllium  does  not  find  a  place  in  the  two  known 
families  of  metallic  triads,  or  pseudo-triads,  it  must  stand  alone ;  and 
in  any  case  as  a  triad  it  is  outside  Mendeleef  s  classification.  But  if  the 
atomic  weight  of  beryllium  be  9*2,  according  to  my  result,  the  metal  is 
a  diad  and  the  symbol  for  its  oxide  is  BeO.  It  is,  therefore,  the  first 
member  of  Mendeleef  s  second  series  of  elements.  This  position 
is  quite  in  accordance  with  the  spectroscopic  evidence  obtained  by 
Professor  Hartley,  from  which  he  concludes  tiiat "  beryllium  is  the  first 
member  of  a  diod  series  of  elements,  of  which  in  all  probability  calcium, 
strontium,  and  barium  are  homolognes.'' 


III.  "  The  Effects  of  Temperature  on  the  Electromotive  Force 
and  Resistance  of  Batteries.  IL"  By  William  Henry 
Preeob,  F.R.S.    Received  May  21,  1883. 

In  the  discussion  on  my  previous  paper  read  on  February  22,  1883, 
it  was  suggested  that  I  should  continue  the  observations  on  the 
influence  of  temperature  to  the  case  of  secondary  batteries.  I  am 
indebted  to  Mr.  Tribe  for  one  of  his  cells  made  so  as  to  fit  my 
apparatus,  and  charged  at  different  times  with  solutions  of  various 
degrees  of  saturation. 

The  negative  element  of  this  cell  consisted  of  pure  peroxide  of  lead 
in  the  form  of  a  plate  4  inches  square  carried  in  a  grooved  frame,  from 
one  end  of  which  projected  the  necessary  conductor.  This  element 
was  placed  between  two  plates  of  finely  divided  lead  likewise  4  inches 
square.  These  were  joined  together,  and  formed  the  positive  element 
of  tiie  ceU.  Bach  half  of  the  positive  plate  was  about  a  quarter  of  an 
mch  distant  from  the  negative,  and  aU  three  plates  were  encased  in  a 
1^  ^^^^"^^^^  prepared  fabric.  The  elements  were  contained  in  a 
^en  case,  and  the  Uquid  was  sulphuric  acid  of  the  strengths  given 
copp!r^'^'''^i  ^P®^?^«^te-  This  cell  was  placed  inside  the  cylindrical 
«a^  mltlTi  ^^  ^  **^®  previous  experiments,  and  precisely  the 
iiiod  of  observation  was  adopted.  The  results  are  given  in 
•  "  Proc.  Boy.  Soc.,"  toI.  81,  p.  60. 
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DIAGRAM  IV.  lOf  SUlPHURiG  ACID. 
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Tables  VII,  VIII,  and  IX,  and  plotted  out  in  tlie  cnwes  IV,  V,  and 
VL  The  different  results  are  for  different  degrees  of  saturation.  It 
is  e^ndent  from  an  inspection  of  those  tables  and  diagrams,  that  the 
influence  of  heat  on  secondary  cells  is  the  same  in  kind  as  in  the 
Daniell  cell,  but  that  it  differs  very  much  in  degree.  The  electromo- 
tive force  practically  remains  constant  for  all  degrees  of  temperature, 
but  the  internal  resistance  diminishes  as  the  temperature  increases  at 
A  very  steady  rate,  increasing  again  as  the  temperature  is  lowered. 
The  effect  of  varying  the  percentage  of  acid  in  solution  is  not  very 
marked,  though  as  might  have  been  [anticipated  from  Kohlrausch's 
observations,  the  30  per  cent,  proportion  gives  the  lowest  resistance. 
The  mean  average  reduction  in  resistance  between  0°  and  100°  C,  is 
<59'6  per  cent.     This  is  shown  by  the  following  table : — 


Percentage 
of  acid. 

Besistance  in  ohms. 

Percentage 
of  fall. 

(f. 

100^. 

10 
20 
30 

•0752 
•0800 
•0620 

•0460 
•0467 
•0368     . 

61 
67 
68 

Mean 

•0724 

•0425                      69*6 
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IV,  "Examination  of  the  Meteorite  which  fell  on  the  16th 
February,  1883,  at  Alfianello,  in  the  District  of  Verolan- 
nova,  in  the  Province  of  Brescia,  Italy."  By  Walter 
Flight,  D.Sc,  F.G.S.  Communicated  by  Professor  G.  G. 
Stokes,  Sec.  R.S.    Receired  May  17, 1883. 

I  gather  from  a  short  prelimiaary  notice,  which  has  been  sent  by 
M.  Denza  to  Professor  Danbr6e,  and  has  been  published  in  a  recent 
nnmber  of  the  "  Comptes  Bendns,"  a  few  particnlars  respecting  the 
fall  of  this  stone,  and  its  general  appearance. 

The  fall  took  place,  with  a  loud  detonation,  at  2.55  p.m.  on  the  day 
above  mentioned ;  it  was  heard  in  the  neighbonring  provinces  of 
Cremona,  Verona,  Mantua,  Piacenza,  and  Parma.  In  Alfianello  it 
is  described  as  "  6pouvantable."' 

It  descended  from  N.N.E.  to  S.S.W.,  at  a  distance  of  about  150 
metres  from  a  peasant,  who  fell  fainting  to  the  ground  ;  telegraphic 
wires  were  set  in  motion,  and  the  windows  were  shaken.  It  struck 
the  ground  about  300  metres  south-west  of  Alfianello,  in  a  field  on  an 
estate  called  Frosera,  penetrating  the  soil,  in  the  same  direction  as  it 
passed  through  the  air,  from  east  to  west,  to  a  depth  of  about 
1  metre,  the  path  through  the  soil  being  about  1*50  metre.  When 
taken  out  of  the  ground  it  was  still  a  little  warm.  It  fell  complete, 
but  was  at  once  broken  to  pieces  by  the  farmer  of  the  estate. 

The  stone  is  oval  in  form,  and  somewhat  flattened  in  the  centre,  the 
lower  part  being  larger  and  convex,  like  a  kettle,  the  upper  part 
being  truncated.  The  surface  is  covered  with  the  usual  black  crust, 
and  strewn  with  Uttle  cavities,  now  met  with  as  individuals,  now  in 
groups,  and  in  the  eye  of  some  people  bearing  a  resemblance  to  the 
impression  of  a  hand  or  the  foot  of  a  she-goat.  The  stone  weighs 
about  200  kilos. 

In  structure  this  meteorite  belongs  to  the  group  Sporadosiderep 
oligosideres,  and  resembles  AumoUtte^  being  almost  identical  with  the 
meteorite  of  New  Concord,  Ohio. 

The  substance  is  finely  granular,  of  ash-grey  colour;  a  polished 
surface  appears  to  be  finely  grained  and  breccia-form,  with  the 
elements  offering  different  gradations  of  colour.  Metallic  grains  are 
disseminated,  and  little  nests  are  noticed,  of  iron  with  one  of  the 
compounds,  of  a  yellowish- white  or  bronze.  In  one  place  whore  the 
metallic  gmins  are  numerous  they  appear  to  bear  to  the  stony  portion 
the  ratio  68  :  1000.     The  density  of  the  stone  is  3*47  to  3-50. 

The  meteorite  was  dried  at  120°,  and  treated  with  solution  of 
mercury  chloride,  and  thus  there  were  dissolved  the  troilite  and  nickel- 
iron.  The  troilite  constituted  6*919  per  cent,  of  the  meteorite,  and 
the  nickel-iron  forms  2*108  of  the  stone,  with  the  composition — 
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Nickel . 
Iron.. , 


71  -205 

28  795 

100  -000 

Here,  again,  as  I  have  shown  in  earlier  analyses,  the  percentage  of 
nickel  present  in  nickel-iron  increases  as  the  percentage  of  nickel-iron 
becomes  less. 

By  long  treatment  with  hydrogen  chloride  the  silicates  acted  apon  by 
that  reagent  and  the  silicates  which  resist  the  action  were  separated, 
and  ^OB  stone  appeared  to  possess  the  composition — 


Troilite 

Nickel-iron 

Soluble  silicate.. 
Insoluble  silicate 


6-919 

2-108 

50  -857 

40-116 

100-000 


The  solable  silicate,  which  amounts  to  50*857  per  cent.,  and  consti- 
tutes one-half  the  weight  of  the  stone,  consists  of — 


Silicic  acid 35  12 

Iron  protoxide 51  '43 

Alumina 1  '518 

Lime 4  '644 

Magnesia 7 ' 


....     18-73 

....     11-43  -) 

. . . .       0-707 

....       1  '827 

....       2  -904  J 

>16  -37 


99 '98 


This  olivine,  which  gives  a  green  colour  to  a  fragment  of  the  rock 
that  is  at  once  recognised,  is  of  unusual  composition,  containing  as  it 
does  more  than  50  per  cent,  of  iron  oxide.  It  agrees  most  closely 
with  that  which  occurs  in  the  meteorite  of  Ensisheim,  the  first 
recorded  fieJl  which  has  been  preserved  in  any  collection ;  it  fell  17th 
November,  1492.  The  latest  analysis  of  that  stone  is  by  Frank 
Crook,  of  Baltimore,  metde  in  Gottingen  in  1868,  and  he  found  in  the 
soltible  portion  of  that  stone  52*90  per  cent,  of  iron  oxide. 

The  insoluble  portion,  which  forms  40*116  per  cent,  of  the  stone, 
has  the  composition — 


^11  -95 


Silicic  acid 56  121     29 '93 

lion  protoxide 13 '397     2*97  1 

.  Chromium  oxide  ....       8  *281     .... 

Lime 6*712    ....  1  *9l7 

Magnesia 17*263    ....  7  065J 

102  174 

The  bronzite,  or  rather  augite,  also  agrees  very  well  with  that 
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which  formB  the  insolable  portion  of  the  meteorite  of  Ensisheim. 
What  was  supposed  to  be  alumina  was  further  examined,  and  was 
found  to  be  idmost  entirelj  chromium  oxide,  doubtless  present  in 
combination  with  some  iron  protoxide,  alumina,  and  magnesia  as 
chromite.  And  it  appears  not  improbable  that  this  part  of  the 
meteorite  contains  some  tridymite,  a  few  per  cent.,  in  fact. 


V.  "  Circular  conceming  ABtronomical  Photography."  From  E. 
C.  Pickering,  Director  of  Harvard  College  Observatory, 
Cambridge,  'Mass.,  U.S.A. 

Astronomical  Photography. 

The  important  part  that  photography  is  likely  to  play  in  the  future 
of  astronomy  renders  it  desirable  that  an  opportunity  should  be 
afforded  to  astronomers  to  acquaint  themselves  with  the  improve- 
ments continuaQy  made  in  this  branch  of  their  science.  This  could 
best  be  done  by  the  establishment  at  convenient  places  of  collections 
designed  to  exhibit  the  progress  of  photography  as  applied  to  astro- 
nomical observations. 

The  ELarvard' College  Observatory  has  some  special  advantages  for 
forming  such  a  collection,  since  it  already  possesses  many  of  the 
early  and  historically  important  specimens  which  would  maturally 
form  part  of  the  series.  Among  these  may  be  mentioned  four  series 
of  daguerreotypes  and  photographs  of  various  celestial  objects  taken 
at  this  Observatory.  These  series  were  respectively  undertaken  in 
1850,  1857, 1869,  and  1882, 

At  present,  the  astronomers  of  the  United  States  have  no  ready 
means  of  comparing  their  .photographic  work  with  that  done  in 
Europe,  or  even  with  that  of  their  own  countrymen.  The  proposed 
collection  of  .photographs,  so  far  as  it  could  be  rendered  complete, 
would  greatly  reduce  the  difficulty. 

It  is  therefore  desired  to  form,  at  the  Harvard  College  Observa- 
tory, a  collection  .of  all  .photograj)hs  of  the  heavenly  bodies  and  of 
their  spectra  which  can  be  obtained  for  the  purpose ;  and  it  is  hoped 
that  both  Euroj)ean  and  American  astronomers  will  contribute 
specimens  to  tbis-tjollection.  Originitl  negatives  would  be  particularly 
valuable.  It  may  'happen  -that  some  such  negatives,  having  slight 
imperfections  which  would  limit  their  value  for  purposes  of  engniv- 
iug,  could  be  spared  for  a  cbllection,  and  -would  be  as  important 
(considered  as  astronomical  observations)  as  others  photo^irraphically 
more  perfect.  In  some  cases,  rastronomers  may  be  willing  to  deposit 
negatives  taken  for  a  special  purpose,  and  no  longer  required  for 
study,  in  a  collection  where  they  would  retain  a  pei-manent  value  as 
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paris  of  an  historical  series.  Where  photography  is  regularly  em- 
ployed in  a  continuous  series  of  observations,  it  is  obvious  that 
specimen  negatives  only  can  be  spared  for  a  collection.  But  in  such 
cases  it  is  hoped  that  some  duplicates  may  be  available,  and  that 
occasional  negatives  may  hereafter  be  taken  for  the  purpose  of  being 
added  to  the  collection,  to  exhibit  recent  improvements  or  striking 
phenomena. 

When  negatives  cannot  be  furnished,  glass  positives,  taken  if 
possible  by  direct  printing,  would  be  very  useful.  If  these  also  are 
not  procurable,  photographic  prints  or  engravings  would  be  desir- 
able^ 

In  connexion  with  the  photographs  themselves,  copies  of  memoirs  or 
communications  relating  to  the  specimens  sent,  or  to  the  general  subject 
of  astronomical  photography,  would  form  an  interesting  supplement  to 
the  collection.  A  part  of  the  contemplated  scheme  will  involve  the 
preparation  of  a  complete  bibliography  of  the  subject,  including  a  list 
of  nnpnblished  photographs  not  hitherto  mentioned  in  works  to  which 
reference  may  be  made. 

The  expense  which  may  be  incurred  by  contributors  to  the  collec- 
tion in  the  preparation  and  transmission  of  specimens  will  be  gladly 
repaid  by  the  Harvard  College  Observatory  when  desired. 

EDWARD  C.  PICKERING, 
Director  of  the  Harvard  GoUege  Observatory. 
CamhridgCy  Mass,, 

February  2},  188:3. 
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May  31,  1883. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  tahle,  and  thanks  ordered  for 
them. 

The  Bakerian  Lecture—**  On  Radiant  Matter  Spectroscopy. 
A  New  Method  of  Spectriun  Analysis,"  was  delivered  by 
William  Crookes,  F.R.S.    Received  May  24,  1883. 

The  following  is  an  Ahstract : — 

For  several  years  I  have  been  examining  the  phenomena  presented 
by  varioas  substances  when  struck  by  the  molecular  discharge  from 
the  negative  pole  in  a  highly  exhausted  tube.  I  have  ventured  to 
call  this  discharge  *'  radiant  matter,'*  and  under  its  influence  a  large 
number  of  substances  emit  phosphorescent  light,  some  faintly  and 
others  with  great  intensity.  On  examining  the  emitted  light  in  the 
spectroscope  most  bodies  give  a  faint  continuous  spectrum,  with  a 
more  or  less  decided  concentration  in  one  part  of  the  spectrum,  the 
superficial  colour  of  the  phosphorescing  substance  being  governed  by 
this  preponderating  emission  in  one  or  other  part  of  the  spectrom. 
Sometimes,  but  more  rarely,  the  spectrum  of  the  phosphorescent 
light  is  discontinuous,  and  it  is  to  bodies  manifesting  this  pheno- 
menon that  my  attention  has  been  specially  directed. 

For  a  long  time  past  I  have  been  haunted  by  a  bright  citron- 
coloured  baud  or  line  appearing  in  these  phosphorescent  spectra, 
sometimes  as  a  sharp  line,  at  others  as  a  broader  nebulous  band, 
but  having  always  a  characteristic  appearance  and  occurring  uni- 
formly in  the  same  spot.  The  best  way  to  bring  out  the  band  is  to 
treat  the  substance  under  examination  with  strong  sulphuric  acid, 
drive  o£E  excess  of  acid  by  heat,  and  finally  to  raise  the  temperature 
to  redness.  The  anhydrous  sulphate  thus  left  frequently  shows  the 
citron  band  in  the  radiant  matter  tube,  when  before  this  treatment  the 
original  substance  shows  nothing.  I  soon  came  to  the  conclusion  that 
the  substance  I  was  in  search  of  was  an  earth,  but  on  attempting  to 
determine  its  chemical  properties  I  was  baflied. 

Much  chemical  evidence  tended  to  «upport  the  view  that  the  band 
might  be  due  to  a  compound  of  lime.  By  neglecting  the  portion 
showing  least  citron  band,  and  separating  all  the  elements  present 
which  gave  little  or  none,  I  could  generally  concentr<ite  the  citron 
band  into  a  solution  which  —according  to  our  present  knowledge  of 
analytical  chemistry— should  contain    little   else    than    the  earths, 
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alkaline  earihs,  and  alkalies.  Ammonia  added  to  this  solution  would 
precipitate  an  earth,  and  in  the  filtrate  oxalic  acid  would  precipitate 
an  insoluble  oxalate,  showing  the  citron  band  strongly.  This  was 
found  on  analysis  to  consist  of  strontic  and  calcic  oxalates.  The 
strontia  being  separated,  the  remaining  lime  formed  an  oxalate  which 
gave  the  citron  band. 

So  far  all  the  chemical  eyidenoe  went  to  show  that  the  band- 
forming  substance  was  oakium,  and  further  tests  tried  with  the 
purified  oxalate  confirmed  this  inference.  Every  analytical  test  to 
which  it  was  subjected  showed  lime,  and  nothing  but  lime ;  all  the 
salts  which  were  prepared  from  it  resembled  those  of  lime,  both 
physically  and  chemically;  the  flame  spectrum  gave  the  calcium 
lines  with  exti*aordinary  purity  and  brilliancy ;  and,  finally,  the  atomic 
weight,  taken  with  great  care,  came  out  almost  the  same  as  that  for 
calcium,  39'9  as  against  Ca  40. 

On  further  examination  it  was  iomnd  that  most  native  compounds 
of  lime  gave  the  citron  band.  It  was  found  in  clear  and  colourless 
Iceland  spar,  native  calcic  phosphate,  a  crystal  of  arragonite,  a 
stalactite  of  calcic  carbonate  from  GKbraltar,  cinnamon  stone  (lime 
alumina  garnet),  iron  slag  from  a  falast-furmace,  pink  coral,  com- 
mercial plaster  of  Paris,  and  most  specimens  of  ordinary  burnt  lime. 

Evidence  stronger  than  this  im  favour  of  the  view  that  the  citron 
band  was  an  inherent  charaoteristio  of  calcium  could  scarcely  be; 
hut,  on  the  other  hand,  there  was  evidence  equally  eondusive  that  the 
band  was  not  essential  to  calcium. 

Starting  with  a  lime  compound  which  showed  the  eitron  band,  I 
oould  always  obtain  a  calcic  oxalate  which  ^ave  the  band  stronger 
than  the  original  substanoe ;  but  if  I  started  with  a  lime  compound 
which  originally  gave  no  citron  ^  band,  I  cenld  never  by  any  means, 
chemical  or  physical,  constrain  the  lime  •er  the  earthy  precipitate  to 
yield  a  citron  band. 

The  only  explanation  that  I  oould  see  for  this  anomaly  was  that  the 
elusive  citron  band  was  caused  by  some  dement  precipitated  with  the 
calcic  oxalate,  but  present  in  a  quantity  too  small  to  be  detected  by 
ordinary  chemical  means.  The  calcic  oxalate  was  ignited  and 
dissolved  in  hydrochloric  acid,  and  fractionally  precipitated  in  three 
portions  with  ammonic  oxalate,  the  first  and  third  portions  being 
comparatively  small.  They  were  then  tested  in  the  radiant  matter 
tnbe.  All  three  portions  showed  the  citron  band,  but  the  portion 
which  came  down  first  gave  the  band  decidedly  the  strongest,  and 
the  third  portion  precipitated  showed  it  weakest. 

It  having  been  found  that  the  substance  giving  the  citron  band 
formed  a  sulphate  more  soluble  in  water  than  calcic  sulphate,  4  lbs. 
^vreight  of  commercial  plaster  of  Paris,  which  showed  very 
faint  traces  of  the  citnm  band,  were  mixed  with  water  and  poured  on 
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a  large  filter.  A  few  ounces  of  water  were  poured  on,  and  after 
passing  throagh,  poured  back,  and  the  exhaustion  repeated  several 
times.  The  aqueous  extract  was  then  evaporated  to  dryness,  ignited 
with  sulphuric  acid,  ground  in  a  mortar  with  smaU  successive  quan- 
tities of  water,  and  precipitated  with  ammonic  oxalate.  The  precipi- 
tate, ignited  with  sulphuric  acid,  showed  iae  citron  hand  very  fairJy, 
far  more  intensely  than^  it  was-  seen  in  the  original  calcic  sulphate. 

These  experiments  are  conclusive  in  proving  that  the  citron  band 
is  not  due  to  calcium,  but  to  some  other  element,  probably  one  of  the 
earthy  metals,  occurring  in  very  minute  quantities  but  widely  dis- 
tributed along  with  calciumvand  I  at  once  commenced  experiments  to 
find  a  more  abundant  supply  of  the  body  sought  for.-  Amongst  other 
substances  tested  I  may  note  the  following  as  giving  a  more  or  less 
decided  citron  band  in  the  spectrum  when  treated  with  sulphuric 
acid  in  the  manner  indicated  above :— Crystallised  barytic  chlorate, 
heavy  spar,  common  limestone,  sti*ontic  nitrate,  native  strontio  car- 
bonate, crystallised  uranic  nitrate,*  commercial  magnesic  sulphate, 
commercial  potassic  sulphate,  tobacco  ash,  wagnerite  (magnesic 
phosphate  and  fluoride),  snrco%  cerite,.  and  commercial  eerie 
oxalate. 

Some  specimens  of  zircon  appeared  sufficiently  rich  to  make  it 
probable  that  here  might  be  found  an  available  source  of  the  citron 
band  yielding  body.  I  found  it  in  crystals  from  Qreen  River,  North 
Carolina,  from  Ceylon,  from  Expailly,  from  Miask  (Oural),  and  from 
Brevig,  and  having  a  good  supply  of  North  Carolina  zircons,  iheae 
were  worked  up'  by  a  process  given  in  detail  in  the  paper. 

I  may  condense  a  year's  work  on  zircon^— over  10  lbs.  weight  of 
crystals  from  North  Carolina  having  been  worked  up — ^by  stating 
that  the  result  was  comprised  in  about  800  grs.  of  an  earthy 
residue,  and  about  2  ozsvof  oxalate,  chiefly  calcic ;  the  former  gave 
the  citron  band  very  well. 

The  zirconia  prepared*  from  these  ziroonB,  when  tested,  sometimes 
showed  the  citron*  bandf  and  at  other  times  none.  A  zirconia  rich  in 
citron  band,  fractionally  precipitated  by  ammonia,  yielded  precipitates 
of  increasing  richness,  the  last  fraction  showing  the  citron  band 
strongly. 

The  calcic  oxalate  obtained  from  ziroon  gave  unsatisfactory  results, 
so  attention  was  directed  to  the  earthy  residue.  This  was  found  to  be 
of  highly  complex  character,  containing  thoria,  ceria,  lanthana, 
didymia,  yttria,  and  probably  some  of  the  newly-discovered  rarer 
earths. 

The  position  of  the  citron  bamd  in  the  spectrum  falls  exactly  on  the 
strongest  absorption  band  of  didymium,  so  that  a  piece  of  didymiura 
glass  or  cell  of  solution  of  the  nitrate  entirely  obliterates  the  citron 
band.    This  naturally  suggested  that  the  band  was  due  to  didymium. 
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Cerite  was  accordingly  the  next  mineral  experimented  on.  The 
powdered  mineral  tested  in  the  tube  in  the  original  way  gave  a  good 
citron  band.  The  mixed  earths  after  extraction  were  converted  into 
sulphates,  dissolved  in  water,  and  the  cerium  metals  precipitated  by 
long  digestion  with  excess  of  potassic  sulphate. 

The  precipitated  double  sulphates  were  converted  into  oxalates, 
and  after  ignition  and  treatment  with  sulphuric  add,  the  mixed  ceriP, 
lanthana,  and  didymia  were  tested  in  the  radiant  matter  tube,  but  the 
merest  trace  only  of  citron  band  was  visible. 

This  experiment  proved  the  inadequarcy  of  the  didymium  explana- 
tion, and  further  tests  showed  that  not  only  could  I  get  no  citron 
band  in  pure  didymium  coropoundsr  but  the  spectrum  entirely  failed 
to  detect  didymiun»  in  many  solutions  of  the  earth  which  gave  the 
dtron  band  brilliantly. 

Attention  was  now  turned  to  the  solution  filtered  from  the  insoluble 
double  sulphates.  Fotash  wa»  added,  and  the  precipitate  filtered  off, 
and  tested  in  a  radiant  matter  tube  The  spectrum,  of  extraordinary 
brilliancy,  was  far  brighter  than  any  I  had  hitherto  obtained. 
Unfortunately,  however,  the  quantity  was  too  small  to  be  subjected  to 
very  accurate  chemical  analysis. 

Search  was  now  made  amongst  other  minerals  rich  in  the  rarer 
earths.  Thorite  was  finely  powdered,  treated  with  sulphui'io  acid,  and 
tested  in  the  radiant  matter  tube.  It  gave  the  citron  spectrum  most 
brilliantly — equal  in  fact  to  the  mixturar  of  earths  obtained  from 
zircons  at  so  great  an  expenditure  of  time  and  trouble.  Orangite 
treated  in  the  same  manner  gave  almost  as  good  a  spectrum.  Pure 
thorinic  sulphate  prepared  by  myself  was  found  not  to  give  the  dtron 
band,  but  three  specimens  prepared  and  given  to  me  by  friends  all 
gave  it,  so  it  was  not  unlikely  that  in  thorite  and  orangite  might  at 
last  be  found  a  good  source  ol  the  long-sought  element — that  in  fact 
the  body  I  was  hunting  for,  if  not  thorina,  might  possibly  be  Bahr's 
hypothetical  wasium.  Two  pounds  of  orangite  and  thorite  were 
extracted  with  hydrochloric  acid.  The  solution  was  precipitated  with 
potasfdc  sulphate,  taking  the  usual  precautions  to  secure  complete 
predpitation.  A  bulky  predpitate  ensued,  which  contained  the 
thorina  and  cerium  earths.  7hese  were  separated  and  tested,  and 
found  to  give  only  a  faint  dtron  band. 

The  solution  of  earthy  sulphates  soluble  in  potassic  sulphate  was 
predpitated  with  ammonic  oxalate.  The  precipitate  ignited  with 
sulphuric  acid,  and  tested  in  a  radiant  matter  tube,  gave  the  dtron 
spectrum  with  great  brilliancy. 

Certain  chemical  &ets  concerning  the  behaviour  of  the  sought-for 
element  which  came  out  during  the  course  of  the  tentative  trials 
described  in  the  paper  considerably  narrowed  the  list  amongst  which 
it  might  probably  be  found.     All  the  evidence  tends  to  show  that  it 
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belongs  to  the  group  of  earthy  metals,  consisting  of  alamininm, 
beryllium,  thorium,  zirconium,  cerium,  lanthanum,  didymium,  and  the 
yttrium  family,  together  with  titanium,  tantalum,  and  niobium.  The 
sought-for  earth  is  insoluble  in  excess  of  potash ;  this  excludes 
aluminium  and  beryllium.  It  is  not  precipitated  by  continued  boiling 
with  sodio  thiosulphate ;  this  excludes  aluminium,  thorium,  and 
.sdrconium.  Fused  with  acid  potassic  sulphate,  the  resulting  com- 
pound is  readily  soluble  in  cold  water ;  this  excludes  tantalum  a^nd 
niobium.  Evaporating  to  dryness  with  hydrochloric  acid  and  heating 
for  some  time  does  not  render  the  mass  insoluble  in  water;  this 
excludes  titanium  and  silicium.  It  is  easily  soluble  in  an  excess  of  a 
saturated  solution  of  potassic  sulphate;  this  excludes  thorium,  the 
cerium  group,  some  of  the  numerous  members  of  the  yttrium  group, 
and  zirconium.  The  only  remaining  elements  among  which  this 
elusive  body  would  probably  be  found  are  those  members  of  the 
yttrium  family  which  are  not  precipitated  by  potassic  sulphate. 

The  yttria  earths  form  a  somewhat  numerous  family.  Fortunately 
for  chemists,  a  mineral  rich  in  yttria  earths — samarskite — ^has  been 
found  lately  in  large  quantity  in  Mitchell  Gounij,  North  Carolina, 
and  to  this  mineral  I  accordingly  now  directed  my  attention. 

The  following  list  of  elements  of  the  yttrium  and  its  allied 
fieimilies  said  to  occur  in  samarskite  and  similar  minerals  may  be  con- 
sidered complete  to  the  present  time. 

Hydrogen  eqiuTB- 

Absorption  lent  of  metaL* 

Name.  spectrum.  .  (T^e  of  oxide 

M^O.) 

Cerium No        47  1 

Decipium Yes       57  '0 

Didymium Yes         48  *5 

Didymium  /i Yes       47  "0 

Hrbium Yes       55  3 

Holmium Yes       54  *0 

Lanthanum No        46  0 

Mosandrum No        51  '2 

Samarium Yes       50  0 

Scandium No         14  '7 

Terbium No        49  5 

Thulium Yes       56  '5 

Ytterbium No         57*9 

Yttrium No         29  7 

Yttriums No 52-2 

Yttrium /3 Yes       49  7 

*  As  it  is  at  present  doubtful  whether  the  oxides  of  sereral  of  the  metals  in  this 
table  belong  to  the  type  Ufi,  M^O^,  or  MO,  I  hare,  for  the  sake  of  unifotmitty  and 
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Some  of  these  claimants  it  is  certain  will  not  stand  the  test  of 
further  scratiny.  Thns  samarium  and  yttrium  /3  are  in  all  probability 
identical ;  and  I  have  not  included  philippium,  as  Roscoe  has  concln* 
aively  proved  that  this  is  a  mixture  of  terbium  and  yttrium,  and  my 
own  results  confirm  those  of  Boscoe.  Moreover,  some  of  these  so- 
called  elements  will  probably  turn  out  to  be  mixtures  of  other  known 
elements.  But  in  the  confessedly  very  imperfect  state  of  our  know- 
ledge of  the  chemistry  of  these  metals  it  is  not  safe  for  me  in  this 
research  to  assume  that  any  one  of  them  will  surely  not  survive.  The 
complete  list  as  it  stands  will  therefore  be  taken  t/O  contain  all  hitherto 
claimed  as  new,  although  it  is  almost  certain  to  include  too  many. 

In  the  second  column  '*  Yes  "  or  '*  No  "  indicates  whether  the  solu- 
tions give  an  absorption  spectrum  when  examined  by  transmitted 
light.  After  numerous  experiments  I  satisfied  myself  that  the  metal 
giving  the  citron  band  spectrum  was  not  one  of  those  giving  an 
absorption  spectrum.  The'  possible  elements,  therefore,  became 
narrowed  to  the  following  list: — Cerium,  lanthanum,  mosandrum, 
scandium,  terbium,  thorium,  ytterbium,  yttrium,  yttrium  a,  and 
siroonium. 

Of  these  the  potassic  sulphate  reacti(»i  excludes  cerium,  lanthanum, 
scandium,  thorium,  yttrium  «,  and  ziroonium,  so  there  are  left  only  the 
following : — 

Mosandrum, 
Terbium, 
Ytterbium, 
Yttrium. 

Certain  chemical  reactions  for  a  long  time  made  me  dismiss  yttrium 
from  the  list  of  likely  bodies.  In  my  analysis  of  zircons,  towards  the 
latter  part  of  the  process,  I  used  the  following  process  to  separate  the 
iron : — The  solution  mixed  with  tartaric  acid  and  excess  of  ammonia 
was  allowed  to  stand  for  some  time.  A  small  quantity  of  a  precipitate 
gradually  formed,  which  was  filtered  off,  and  it  was  this  filtrate,  after 
separating  the  iron  with  ammonic  sulphide,  that  yielded  the  greatest 
quantity  of  substance  giving  the  citron  band.  Now  one  of  the  methods 
of  separating  yttria  from  alumina,  beryllia,  thoria,  and  zirconia  is  to 
precipitate  it  as  tartrate  in  the  presence  of  excess  of  ammonia,  the 
other  earths  remaining  in  solution.  Fresenins  «ays : — "  The  precipita- 
tion ensues  only  after  some  time,  but  it  is  complete." 

The  precipitate  thus  obtained  with  tartaric  acid  and  ammonia  should 
therefore  contain  all  the  yttria :  it  gave  no  citron  bcmd  whatever  in  the 
radiant  matter  tube;   whilst  the  residue,  which  should  be  free  from 

Bimplioitj  in  calculating  the  rallies  from  the  compoeitioi}  of  their  salta,  bj  which 
th«ee  mdtaU  are  chieflj  diflcriininated,  taken  the  tjpe  of  oxide  to  be  MjO. 
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jttria,  proved  for  a  long  time  the  only  source  ot  material  wherewith 
to  investigate  the  chemical  properties  of  the  body  giving  the  dtron 
spectrum. 

Another  reason  which  made  me  at  this  stage  of  the  research  pass 
over  jttria  was  that  I  had  already  tested  this  earth  in  the  radiant 
matter  tabe.  In  a  paper  on  '*  Discontinnons  Phosphorescent  Spectra 
in  High  Vacna,*'  read  before  the  Royal  Society,  May  19, 1881, 1  sud, 
'*  Yttria  shows  a  dnll  greenish  light,  giving  a  contlnaoas  spectmm.'* 

For  these  reasons  I  for  a  long  time  omitted  yttria  from  my  list  of 
possible  bodies,  and  considered  that  the  earth,  if  not  a  new  one,  might 
torn  ont  to  be  either  mosandra,  terbia,  or  ytterbia. 

Aboat  15  lbs.  weight  of  samarskite  was  worked  up,  partly  by  the 
hydroflnoric  acid  method  of  Lawrence  Smith,  and  partly  by  fosion 
with  potassic  bisalphate. 

These  methods  both  gave  as  a  result  a  large  quantity  of  mixed 
earths  containing  most,  if  not  all,  the  bodies  enumerated  in  the  fore- 
going list.  Tested  in  the  radiant  matter  tube  this  mixture  gpave  the 
citron  spectrum  very  brilliantly. 

These  earths  were  treated  by  a  series  of  chemical  processes  too  long 
and  complicated  to  describe  in  this  abstract,  and  the  result  of  about 
five  hundred  fractional  precipitations  gave  me  a  mixture  of  earths 
having  an  H  equivalent,  M=48,  and  showing  a  strong  absorption 
spectrum;  a  mixture  having  an  H  equivalent,  M=33,  having  no 
absorption  spectrum ;  and  intermediate  earths. 

In  the  radiant  matter  tube  all  these  fractions  gave  the  citron  band 
spectrum  well,  but  that  of  the  earth  of  lowest  equivalent  was  much 
the  brightest,  and  that  of  the  highest  equivalent  the  least  intense. 

Three  methods  are  available  for  the  partial  separation  of  these 
earths  and  for  the  complete  purification  of  any  one  of  them.  The 
formic  acid  process  is  best  for  separating  terbia,  as  terbic  formate  is 
difficultly  soluble  in  water,  the  other  formates  being  easily  soluble. 

Fractional  precipitation  with  oxalic  acid  separates  first  erbia, 
holmia,  and  thulia,  then  terbia,  and  lastly  yttria.  This  is  the  only 
method  which  is  applicable  for  the  separation  of  small  quantities  of 
terbia  from  yttria. 

Fusing  the  nitrates  separates  ytterbia,  erbia,  holmia,  and  thulia 
from  yttria.  It  is  not  so  applicable  when  terbia  is  present,  and  is 
most  useful  in  purifying  the  gadolinite  earths.  This  process  is  the 
only  one  known  for  separating  ytterbia  from  yttria. 

Selection  must  be  made  of  these  methods  acconling  to  the  mixture 
of  earths  under  treatment,  changing  the  method  as  one  earth  or  the 
other  becomes  concentrated  on  one  side  or  thrown  out  on  the  other. 
Each  operation  must  be  repeated  many  times  before  even  approximate 
purity  is  attained.  The  operations  are  more  analogous  to  the  separa- 
tion of  members  of  homologous  series  of  hydrocarbons  by  fractional 
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distillation  than  to  the  separations  in  mineral  chemistry  as  ordinarily 
adopted  in  the  laboratory. 

Pore  terbia  ignited  with  snlphorio  acid  and  tested  in  the  radiant 
matter  tnbe  shows  no  citron  band  spectmm.  A  concentrated  solution 
of  the  pnrest  terbia  obtained  in  this  way,  when  examined  by  the 
spectroscope,  showed  no  aheorption  lines  whatever:  proving  the 
absence  of  erbnuu,  hcdminm,  and  thmliom. 

I  did  not  attempt  any  separation  of  erbiam,  holmiom,  and  thulium 
from  each  other,  as  the  evidence  obtained  was  sufficient  to  show  that 
the  element  giving  *ihe  citron  band  spectrum  was  not  one  of  these 
three  metafls.  Likewise  I  had  lar  too  little  material  to  enable  me  to 
enter  on  a  -work  of  such  difficulty  with  any  prospect  of  success. 

The  chemical  characters  of  mosandra  are  so  little  known  that  I 
could  not  attempt  to  search  for  it.  But  as  the  -citron  band-forming 
earth  always  appeared  ^concentrated  amongst  those  whose  double  sul- 
phates were  most  soluble  in  potassic  sulphate — and,  of  these,  amongst 
those  having  the  palest  ^colour  and  lowest  atenue  weight — it  was 
scarcely  conceivable  tiiat  the  earth  I  was  in  search  of  should  ulti- 
mately prove  to  be  one  whose  properties  did  not  in  any  case  corre- 
spond te  these — of  a  dark  orange-yellow  cdlour,  forming  a  difficultly 
soluble  double  potassic  sulphate,  and  having  the  very  high  equivalent 
of  M=^51'2-;  these  being  the  properties  ascribed  to  mosandra  by  the 
discoverer.  Professor  Lawrence  Smiith. 

Ytte]4}ia  was  prepared  from  gadolinite,  as  this  mineral  is  said  by 
NilsoB  to  contain  most  ytterbia.  It  was  separated  from  accompanying 
earths  by  processes  described  in  the  paper.  The  resulting  earth  gave 
at  first  *a  faint  'citron  <band  spectrum,  evidently  due  4o  impurity ;  on 
repeating  the  purification  several  times  I  at  last  succeeded  in  obtain- 
ing a  white  eanth  which  gave  only  the  merest  trace  of  citron  band 
spectrum.  Its  hydrogen  equivalent,  58*0,  and  its  chemical  properties 
showed  that  it  was  probably  Marignac*s  ytterbia.  Sutbsequent  ex- 
periments satisfied  me  that  this  •earth  did  not  contain  more  than 
^5i<)o  part  of  yttria.  The  extreme  itediousnees  •of  the  chemical 
operations  necessary  to  obtain  this  high  degree  of  purity,  and  the 
long  time  they  required,  prevented  me  from  pushing  these  lesults 
beyond  what  was  necessary  to  prove  the  special  peint  at  issue. 

The  yttria,  purified  as  already  described,  might  still  dbntain  traces 
of  terbia,  together  with  erbia,  holmia,  and  thulia.  These  were 
gradually  removed  by  the  fusing  nitrate  process.  The  atomic  weight 
gradually  got  down  to  Bl'Q,  but  the  spectra  did  not  vary  very  much ; 
that  from  the  earth  of  loweet  atomic  weight  being,  however,  the  most 
brilliant. 

Pure  yttria  is  quite  white.  That  from  gadolinite  on  testing  in  the 
radiant  matter  tube  gave  a  spectrum  absolutely  identical  with  that 
given  by  the  zircon,  cerite,  thorite,  orangite,  and  samarskite  yttria. 
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Pore  yttria  was  also  prepared  from  jtfero-tantaliie,  eaxenite,  tjrite, 
and  also  from  plaster  of  Paris  and  common  limestone.  lu  no  case 
conld  I  detect  any  difference  in  the  position  or  intensity  of  the  lines 
shown  hj  their  phosphorescent  spectra. 

The  Phosphorescent  Spectrum  of  Tttria, 

The  spectrnm  shown  hy  pnre  ignited  yttrio  sulphate  in  a  radiant 
matter  tnhe  is  one  of  the  most  beautiful  objects  in  the  whole  range  of 
spectroscopy.  The  spectrum  is  best  seen  under  low  dispersion  and 
not  too  narrow  a  slit.  It  consists  essentially  of  a  broad  red  band,  an 
intensely  brilliant  citron  band,  and  two  almost  equally  brilliant  green 
bands.  Other  fainter  lines  are  also  seen,  but  they  are  not  characteristic. 
Coloured  drawings  and  maps  of  the  spectrum  to  scale  accompany  the 
paper.  This  description  applies  io  the  spectrum  shown  either  by  pure 
yttrio  sulphate  or  by  an  earth  tolerably  rich  in  yttria.  When  traces 
are  present  the  citron  band  only  is  seen.  A  little  more  yttria  brings 
out  the  first  and  then  the  second  green  band,  and  finally,  as  the  pro- 
portion of  yttria  increases,  the  red  and  blue  ba^ds  appear. 

The  paper  next  gives  a  description  of  experiments  made  with  pure 
yttria,  and  with  various  compounds  of  it,  to  see  which  would  give  the 
most  characteristic  spectrum.  The  sulphate  heated  to  redness  wais 
found  to  give  the  best  results.  Pure  yttria  precipitated  by  ammonia 
did  not  phosphoresce  in  the  slightest  degree,  and,  necessarily,  no 
citron  band  spectrum  was  to  be  seen.  The  yttria  was  removed  from 
the  tube,  converted  into  sulphate,  heated  to  redness,  and  again  tested. 
This  time  it  gave  the  citron  band  magnificently.  This  shows  what 
apparently  trivial  circumstances  will  alter  the  whole  course  of  an 
investigation.  In  1881,  when  searching  for  discontinuous  phos- 
phorescent spectra,  I  tried  a  similar  experiment  with  pure  precipitated 
yttria,  and  entirely  missed  its  citron  band  spectrum.^  Had  I  first 
treated -the  yttria  with  sulphuric  acid  instead  of  testing  the  earth 
itself  in  the  radiant  matter  tube  the  results  would  have  been  very 
different,  and  this  research  would  probably  have  never  been  under- 
taken. 

Yttria  was  now  prepared  by  igniting  the  precipitated  oxalate  at  a 
red  heat.  On  testing  it  in  the  radiant  matter  tube  it  phosphoresced 
with  feeble  intensity,  the  light  being  about  one-twentietli  of  that 
given  by  the  ignited  sulphate  under  similar  conditions.  The  citron 
band  was  almost  as  sharp  as  the  sodium  line,  and  was  shifted  one 
division  towards  the  blue  end.  The  two  green  bands  were  visible, 
but  very  hazy  and  indistinct,  and  only  to  be  resolved  into  bands  with 
difficulty. 

It  is  an  old  and  probably  a  true  saying  that  every  element  could  be 
detected  everywhere  had  we  sufficiently  delicate  tests  for  it.  Early 
observations  had  prepared  me  for  the  wide  distribution  of  the  element 
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giying  the  citron  spectmm,  and  no  sooner  had  the  exquisite  sensitive- 
ness of  this  spectmm  test  forced  itself  on  my  notice  than  I  sought  for 
jttrinm  in  other  minerals.  The  facts  which  I  had  noticed  in  con- 
nexion with  the  variation  of  the  appearance  of  the  citron  spectmm, 
according  to  the  quantity  of  yttrium  present,  showed  that  it  might  be 
possible  to  devise  a  process  i<x  the  rough  quantitative  estimation  of 
yttrium,  and  after  several  experiments  a  spectrum  test  was  devised 
sufficiently  delicate  to  detect  one-millionth  part  of  yttria  in  a  mineral. 
A  table  is  given  showing  the  results  of  this  quantitative  spectrum 
analysis,  from  which  it  is  seen  that  amongst  other  substances  a  specimen 
of  coral  contains  one  part  of  yttrium  in  200  parts ;  strontianite,  one 
part  of  yttrium  in  500  parts ;  chondrodite,  from  Mount  Somma,  one 
part  in  4s000;  calcite,  one  part  in  10,000;  ox  bone,  one  part  in 
10,000;  an  earthy  meteorite  (Alfianello),  one  part  in  100,000;  and 
tobacco  ash,  one  part  in  1,000,000. 


The  following  Paper  was  read : — 

**  Experiments  upon  the  Heart  of  the  Dog  with  reference  to 
the  Maximum  Volume  of  Blood  sent  out  by  the  Left  Ven- 
tricle in  a  Single  Beat,  and  the  Influence  of  Variations  in 
Venous  Pressure,  Arterial  Pressure,  and  Pulse  Rate  upon 
the  Work  done  by  the  Heart."  By  William  H.  Howell, 
A.B^  Fellow  of  the  Johns  Hopkins  University,  and  F. 
Donaldson,  Jr^  AJB.  Communicated  by  Dr.  M.  Foster, 
Sec*  R.& 

(Abstract.) 

Owing  to  the  indirectness  of  the  methods  hitherto  nsed  for 
estimating  the  quantity  of  blood  pumped  oat  from  the  left  ventricle 
at  each  systole,  this  important  factor  in  all  calculations  of  the  work 
done  by  the  heart  has  never  been  satisfactorily  determined.  Of  the 
later  physiologists  who  have  investigated  the  subject,  Volkmann  and 
afterwards  Vierordt,  from  calculations  based  upon  the  mean  velocity 
of  the  stream  of  blood  in  the  unbranched  aorta,  obtained  the  fraction 
f^  as  representing  the  ratio  of  the  average  weight  of  blood  ejected 
at  each  systole  of  the  left  ventricle  to  the  weight  of  the  whole  body. 
Pick,  from  data  obtained  by  placing  the  arm  in  a  plethysmograph,  and 
estimating  the  velocity  of  the  stream  of  blood  in  the  axillary  artery 
from  the  increase  in  volume  of  the  whole  arm  at  each  systole  of  the 
heart,  arrived  at  a  much  smaller  fraction,  about  -n^,  for  the  ratio 
between  the  weight  of  blood  thrown  out  at  each  systole  and  the  body- 
weight. 
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At  the  suggestion  of  Professor  Martin,  and  under  his  directions,  we 
undertook  some  experiments  upon  this  subject,  making  use  of  his 
method  of  isolating  the  heart.  The  quantity  of  blood  ejected  from  the 
left  ventricle  at  each  systole  under  varying  conditions  of  venous  pres- 
sure, arterial  pressure,  and  pulse-rate,  can  be  determined  directly  with 
this  method  by  catching  the  Mood  as  it  is  pumped  out  from  the  tube 
connected  with  the  aorta  of  the  dog.  In  all  the  o^bservations  made  the 
blood  was  collected  during  a  period  of  30  seconds,  and  ttie  quantity  thus 
obtained  divided  by  the  number  of  heart  beats  occurring  during  that 
time,  as  shown  on  the  kymograph,  in  order  io  determine  the  quantity 
pumped  out  at  each  systole.  The  results  of  our  woA  fall  under  four 
different  heads. 

I.  The  Maximum  Quaniiiy  of  BUod  which  can  he  thrown  out  from  the 
Left  Ventricle  ai  a  single  Systole, 
The  method  of  working  in  determining  this  quantity  was  to  increase 
the  amoant  of  blood  flowing  into  the  right  side  of  the  heart,  by 
raising  the  supply  flatfk  connected  with  the  supenior  vena  cava,  until 
a  limit  was  reached  in  the  amount  of  blood  pumped  out  from  the  left 
ventricle,  t.e.,  a  point  beyond  which  increase  of  the  pressure  And  the 
quantity  of  the  blood  flowing  into  the  right  side  of  the  heart  caused 
no  increase  in  the  -quantity  of  the  blood  sent  out  from  the  left 
ventricle. 

The  main  result  of  those  experiments  may  be  stated  at  follows : 
With  a  mean  pnise-rate  of  180  per  minute  in  the  dog,  the  mean  rat^o 
of  the  maximum  weight  of  blood  pumped  out  from  the  left  ventricle 
at  each  systole  to  the  body-weight  is  Tir)*^!*  '00117.  The  maximum 
outflow  from  the  left  heart  was  obtained  in  all  cases  at  or  below  a 
venous  pressure  on  the  right  side  of  60  centims.  of  defibrinated  calTs 
blood  (46  millims.  of  mercury). 

With  regard  to  the  maximum  outflow  from  the  left  ventricle  at  the 
normal  pulse-rate  (120  per  minute)  of  a  dog,  we  have  only  one 
experiment  to  lyfler.  According  to  that  experiment  the  ratio  of  the 
maximum  weight  ci.  blood  pumped  out  from  the  left  ventricle  at  each 
systole  to  the  body-weight,  vdth  a  pulse-rate  of  120  jaer  minute,  is 
about  y^,  or  -0014. 

In  applying  these  results  to  the  normal  dog,  we  bcAieve  that  the 
average  quantity  <of  blood  pumped  out  from  the  left  ventricle  at 
each  systole  in  the  living  dog  is  apprecimated  most  nearly  in  our 
experiments  by  the  maximum  outflow ",  in  other  words,  we  think  it 
probable  that  the  left  ventricle  during  life  is  distended  at  each 
diastole  to  about  its  maximum  capacity.  In  coming  to  this  conclusion 
we  were  influenced  chiefly  by  three  considerations.  1.  The  same 
opinion  has  been  expressed  by  Boyar,  the  result  of  his  work  on  the 
frog*s  heart.     2.  Calculations  of   the  time  required  for  a  complete 
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eiroalstion  of  the  blood  to  take  place  in  a  normal  dog,  based  npon  the 
maximum  quantity  of  blood  sent  out  from  the  left  heart  at  each 
^stole,  as  determined  by  our  experiments,  give  results  which  agree 
witii  what  we  would  expect  from  the  time  found  necessary  by 
Vierordt  from  direct  experiment  for  the  jugular-femoral  path.  8.  It 
is  probaUe  that  in  our  experiments  the  left  heart,  at  the  time  the 
maximum  outflow  was  obtained  from  it,  worked  under  conditions  of 
pressure  cloedy  resembling  those  to  which  it  is  subject  during  life. 
The  pressure  in  tiie  left  auricle,  with  the  highest  venous  pressure 
(46  millims.  of  mercury)  used  on  the  right  side,  had  a  maximum 
Talue  of  20  millims.  of  mercury,  a  mean  value  of  16  millims.,  which 
18  probably  about  what  occurs  during  life,  since  Ooltz  and  €hiu1e 
found  that  the  maximum  pressure  in  the  -right  auricle  of  the  dog  is 
about  19*6  millims.  of  mercury. 

Owing  to  the  difference  in  pulse-rate  between  the  dog  and  man,  no 
inference  can  be  made  with  any  certainty  from  the  results  obtained 
with  the  dog  to  the  case  of  man. 

n.  Infiu/miee  of  Tcaricstum  of  Arterial  Treemre  on  the  Work  done  hy  the 

Eeark 

Arterial  pressure  was  varied  by  raising  or  lowering  the  end  of  the 
outflow  tube  leading  from  the  aorta.  As  the  result  of  the  experi- 
ments we  can  state  that  variation  of  arterial  pressure  from  58  to  147 
millims.  of  mercury,  have  practically  no  direct  effect  whatever  upon 
the  quantity  of  blood  sent  out  from  the  left  ventricle  at  each  systole. 

Since  the  pulse-rate  is  not  altered,  the  work  done  by  the  left 
ventricle,  therefore,  varies  directly  as  the  arterial  pressure  against 
which  it  works,  within  the  limits  named.  For  how  much  wider  limits 
than  those  given  this  may  hold  true  we  have  not  yet  determined. 
Since  there  is  every  reason  to  believe  that  under  normal  conditions 
the  force  of  the  systole  is  more  than  sufficient  to  completely  empty 
the  ventricular  cavity,  and  we  have  found  that  with  arterial  pressures 
from  58  to  147  millims.  the  quantity  of  blood  pumped  out  from  the 
left  ventricle  at  each  systole  remains  constant,  it  seems  probable  that 
within  these  limits  at  least  the  force  of  the  ventricular  contraction  is 
not  influenced  by  variation  in  artei*ial  pressure,  but  remains  maximal 
throughout. 

III.  Influence  of  Variation  of  Venous  Pressure  on  the  Work  done  hy 

the  Heart, 

The  venous  pressure  on  the  right  side  was  gradually  increased 
from  10  centims.  to  60  or  70  centims.,  and  the  outflow  from  the  aorta 
measured  for  each  venous  pressure  used.  The  records  of  these 
experiments  show  in  a  marked  manner  the  influence  of  venous 
pressure  on  the  outflow  from  the  ventricle.     As  the  general  results  of 
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the  experiments,  it  was  found  that  the  outflow  from  the  left  ventricle, 
and  consequently  the  work  done  by  it,  increases  with  the  venous 
pressure,  but  not  proportionally,  up  to  the  point  of  maximum  work. 
It  is  certain  that  the  most  direct  factor  influencing  the  quantiiy  of 
blood  sent  out  from  the  ventricle  is  the  intra- ventricular  pressure  by 
which  it  is  distended  during  diastole.  Leaving  out  the  aspirating 
action  of  the  thorax,  the  intra-ventricular  pressure  during  life  must 
be  mainly  owing  to  the  action  of  the  auricles,  since  the  pressure  in  the 
great  vein  emptying  into  the  auricles  probably  never  rises  to  any 
important  positive  value,  indeed,  according  to  the  experiments  of 
most  observers,  has  a  mean  negative  value.  The  contraction  of  the 
auricles  then  must  have  the  mosjb  important  and  direct  effect  upon  the 
work  done  by  the  ventricles. 

IV.  Influence  of  Bale  of  Beat  on  the  Work  done  by  the  Heart. 

The  rate  of  beat  of  the  heart  was  varied  in  these  experiments  by 
heating  or  cooling  the  blood  supplied  to  it.  In  this  way  the  pulse- 
rate  was  changed  in  one  case  from  228  to  77  beats  in  a  minute,  and 
back  again  to  140  in  a  minute,  in  another  case  £rom  204  to  65*5,  and 
back  again  to  157,  and  so  on.  The  general  result  may  be  stated  as 
follows : — A  diminution  of  pulse-rate,  brought  about  by  lowering  the 
temperature  of  the  blood  flowing  into  the  heart,  causes  an  increase 
in  the  quantity  of  blood  thrown  out  from  the  ventricle  at  each  systole, 
and  consequently  an  increase  in  the  work  done  at  each  systole,  and 
vice  versd.  The  changes  in  the  outflow  from  the  ventricle  at  each 
systole  are  not,  however,  inversely  proportional  to  the  changes  in  the 
pnlse-rate.  The  total  outflow  and  the  total  work  done  during  any 
given  period  of  time  decreases  with  a  diminished  pulse-rate,  and 
increases  with  an  increased  pulse-rate. 
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June  7, 1883. 

The  AnTinal  Meeting  for  the  Election  of  Fellows  was  held  this  day, 

THE  TREASURER,  V.P.,  in  the  Chair. 

The  Statutes  relating  to  the  election  of  Fellows  having  been  read, 
Sir  James  Cockle  and  Sir  Henry  Lefroj  were,  with  the  consent  of  the 
Society,  nominated  Scmtators  to  assist  the  Secretaries  in  examining 
the  lists. 

The  votes  of  the  Fellows  present  were  then  collected,  and  the  fol- 
lowing candidates  were  declared  duly  elected  into  the  Society. 


Aitchison,  James  Edward  Tiemey, 
Snrgeon-Major,  M.D. 

Browne,  James  Crichton,  M.D., 
LL.D. 

Dobson,  George  Edward,  Surgeon- 
Major,  MA.,  M.B. 

Duncan,  James  Matthews,  A.M., 
M.D. 

Fitzgerald,  Prof.  George  Francis, 
M.A. 


Flight,  Walter,  D.Sc. 

Frost,  the  Rev.  Percival,  M.A. 

Gill,  David,  LL.D. 

Groves,  Charles  Edward,  F.C.S. 

Gruhb,  Howard,  F.R.A.S. 

Langley,  John  Newport,  M.A. 

Rcinold,  Arnold  William,  M.A. 

Trimen,  Roland,  F.L.S.,  F.Z.S. 

Venn,  John,  M.A. 

Walker,  John  James,  M.A. 


Thanks  were  given  to  the  Scrutators. 


T 
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June  14,  1883. 

THE  TREASURER  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

Dr.  James  Crichton  Browne,  Snrgeon-Major  George  Edward 
Dobson,  Dr.  James  Matthews  Duncan,  Mr.  Charles  Ed¥rard  Gbx>ye6, 
Professor  Arnold  William  Reinold,  and  Mr.  John  James  Walker  were 
admitted  into  the  Society. 

The  following  Papers  were  read  :— 

I.  "Researches  on  the  Foraminifera.  Supplemental  Memoir. 
On  an  Abyssal  Type  of  the  Genus  Ch'ldtolites ;  a  Study  in 
the  Theory  of  Descent."  By  W.  B.  CARPENTER,  C.B.,  MJ>^ 
F.R.S.    Received  May  31, 1883. 

(Abstract.) 

This  paper  is  supplemental  to  the  series  of  Memoirs  formerly  pre- 
sented by  the  author  on  the  structure  of  certain  of  the  higher  forms 
of  the  group  of  Foraminifera ;  in  which  he  laid  down  the  new  prin- 
ciples of  classification  afterwards  worked  out  by  him,  in  con juncticm 
with  Messrs.  W.  K.  Parker  and  T.  Rupert  Jones,  in  his  "  Introduction 
to  the  Study  of  the  Foraminifera;"  and  especially  to  the  first  of  those 
memoirs  Q^  Phil.  Trans.,"  1856),  which  consisted  of  a  Monograph  of 
the  genus  OrbUolites,  and  of  some  general  doctrines  deduced  from  the 
stady  of  it  as  to  the  Range  of  Variation  in  Species,  a  question  which 
was  much  occupying  the  attention  of  philosophical  naturalists.  The 
subsequent  publication  of  Mr.  Darwin's  "  Origin  of  Species "  having 
led  him  unhesitatingly  to  adopt  the  principle  of  "  Descent  with 
Modification  "  or  "  Genetic  Continuity,"  he  had  applied  it  to  the  con- 
stmction  of  a  pedigree  of  the  Orbitoline  type ;  between  the  smallest 
and  simplest,  and  the  largest  and  most  complex  of  which,  he  had 
shown  in  his  first  memoir  that  such  *' continuity "  could  be  clearly 
traced  out. 

Starting  with  the  very  simplest  type  of  Foraminiferal  organisation 
— a  minnte  globular  or  pyriform  monothalamous  shell,  with  a  single 
orifice,  enclosing  a  particle  of  sarcode — ^he  showed  (1)  that  the  exten- 
sion of  snch  a  particle  into  a  spirally-coiled  sarcodio  cord,  invested  by 
a  porcoUanous  shell,  becomes  a  Gomuspira  ;  (2)  that  a  constriction  of 
this  cord  at  the  points  at  which  additions  are  made  to  the  length  of 
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the  shell,  "with  a  partial  intemiption  of  the  tube  at  these  points,  gives 
Bs  SpifrotocuUna^  the  ancestral  form  of  the  whole  MUioline  series; 
(3)  that  the  flatlening-oat  of  this  tube  (as  in  the  more  advanced 
gprowth  of  Convuspira)^  and  the  formation  of  a  complete  septnm  across 
its  month,  traversed  by  separate  pores  for  the  issue,  of  saroodic  fila* 
ments,  convert  it  into  a  PeneropUs,  whose  su?codic  body  consists  of  a 
snceession  of  segments,  occupying  the  successive  chambers  of  the 
shelly  which  are  divided  by  septal  partitions^  but  are  connected  by 
"  stolon  processes  '*  that  traverse  them ;  (4)  that  the  subdivision  of 
these  chambers  by  transverse  pM*titions  into  *'  chamberlets,"  and  of 
the  segments  of  the  body  into  '^  sub-segments,"  the  shell  still  growing 
idong  a  spiral  axis,  gives  us  Orbiculina;  the  chamberlets  of  each 
chamber  retaining  a  communication  with  each  other  by  a  continuous 
gallery,  which  is  occupied  in  the  living  state  by  a  band  of  sarcode  that 
connects  together  all  the  sub-segments  formed  by  the  division  of  any 
one  segment ;  and  (5)  that  the  opening-out  of  the  Orbiculine  spire, 
and  the  progressive  extension  of  the  alee  of  its  successively-formed 
chambers  round  its  umbilicus,  at  last  brings  these  aim  together,  so 
that  tiiey  unite  into  a  continuous  ring ;  and  by  the  addition  of  new 
rings  to  the  periphery  of  the  preceding,  a  circular  disk  is  formed — the 
plan  of  growth  thus  changing  from  the  spinl  to  the  cyeUealy  which  is 
the  distinguishing  character  of  OrhiioUtes^ 

The  materials  at  that  time  possessed  by  t&e  author  only  enabled  him 
to  trace  back  this  pedigree  with  any  certainty  from  the  typical  OrhUo^ 
Uies^  which  exhibits  no  trace  whatever  of  spiral  growth,  to  the  spiral 
Orhioultna ;  but  he  expressed  his  belief  that  the  '*  nuclear  mass  "  in 
which  every  OrbUolUes  origfinates — consiBting  of  a  pyriform  **  primor- 
dial segment,"  surrounded  by  a  single  turn  of  the  ^'  circumambient 
segment,^  is  essentially  an  abbreviated  Miltoline;  and  he  was  thus  led 
to  rank  Orhitolites  as  the  most  specialised  type  of  the  family  Miliolida. 

It  was,  therefore,  with  singular  satisfaction  that  he  found  in  a  new 
form  of  Orhitoline  disk,  brought  up  from  a  depth  of  1,500  fathoms  in 
the  "  Porcupine  "  expedition  of  1869,  the  complete  realisation  of  his 
hypothetical  pedigree:  the  formation  of  this  disk  commencing  in  a 
minute  primordial  chamber,  which  first  extends  itself  into  a  closely 
coiled  spiral  tube  hke  that  of  a  GorwuspvrOy  then  shows  an  incipient 
septation  in  the  later  coils  of  this  tube,  which  constitutes  it  a  Spiro^ 
loculina  ;  then  flattens-out  and  becomes  camerated  as  a  FeneropUs ;  then 
undergoes  the  subdivision  of  its  chambers  which  converts  it  into  an 
Orbiculina;  and,  finally,  by  the  fusion  of  the  lateral  extensions  of  the 
chambers  into  complete  annuli,  assumes  the  eydical  plan  of  growth 
eharacteristio  of  Orbitolites,  To  this  beautiful  species,  whose  disk 
attains  a  diameter  of  -nr  of  an  inch,  whilst  its  thickness  does  not 
exceed  -^  of  an  inch,  the  name  OrhitoUtes  tenuissima  may  be  appro-' 
priately  given. 


Digitized  by 


Google 


278  Researches  on  the  Foraminifera,  [Jupe  14, 

The  paJisage  of  each  individiial  of  this  species  throngh  a  series  of 
forms  which,  in  the  classification  of  M.  D'Orbigny,  belong  to  four 
different  Orders^  sufficiently  proves  that,  among  Foraminifera,  plan  of 
growth  is  a  character  of  secondarj  valne ;  whilst  the  retention,  in  the 
perfected  disk,  pf  the  entire  series  of  those  ancestral  forms,  through 
which  the  very  simplest  of  Foraminiferal  organisms  haa  become 
evolved  into  one  of  the  most  complex,  invests  this  abyssal  type  of 
OrhitolUes  with  a  peculiar  interest  and  value. 

Having  been  for  some  time  engaged  in  the  study  of  the  large 
collection  of  Orbitolites^  (chiefly  made  on  the  Fiji  reef)  brought  home 
by  the  "  Challenger,"  with  a  view  to  the  preparation  (at  the  request 
of  the  late  Sir  G.  Wy  ville  Thomson)  of  a  complete  Report  upon  this 
generic  type,  the  author  has  delayed  the  publication  of  this  remark- 
able confirmation  of  his  previously-expressed  views,  until  he  should 
have  concluded  his  investigation  of  the  large  mass  of  new  material 
which  has  thus  oolne  into  his  possession ;  having  early  seen  reason  to 
believe  that  his  recent  study  would  prove  of  some  value  in  its  general 
relation  to  the  Theory  of  Descent.  And  he  now  offers  the  results  of 
it  as  a  contribution  to  that  great  inquiry,  in  the  conviction  that  (as 
was  admirably  said  thirty-five  years  ago  by  Sir  James  Paget)  '*  the 
highest  laws  of  our  science  are  expressed  in  the  simplest  terms,  in  the 
lives  of  the  lowest  orders  of  creation." 

The  aggregate  of  the  phenomena  presented  by  the  evolutionary 
history  of  this  type  (and  equally,  the  author  fully  believes,  by  that  of 
every  other  of  the  more  complex  types  of  Foraminifera)  may  be  thus 
summed  up : — 

1.  That  there  has  been  a  prog^ssive  specialization  in  the  structure 
of  the  shelly  envelope,  which,  in  the  highest  type  of  OrhitolUes  (the 
large  0.  complanata  of  the  Calcaire  Grossier  and  of  the  Fiji  ree&) 
attains  a  very  extraordinary  complexity. 

2*  That  this  specialization  has  followed  a  very  definite  and  well- 
marked  line. 

3.  That  this  progressive  complication  in  the  structure  of  the  disk 
is  attained  without  any  corresponding  specialization  in  the  structure 
of  tlie  animal,  whose  sarcodic  body  retains  throughout  (as  far  as  the 
most  careful  examination  can  enable  us  to  determine)  its  primitive 
homogeneousness. 

4.  That  all  the  ancestral  forms  through  which  the  highest  type  has 
passed,  are  still  living  and  flourishing  under  exactly  the  same  condi- 
tions (so  far  as  can  be  ascertained)  as  itself. 

The  full  discussion  which  the  doctrine  of  the  "  Origin  of  Species 
by  Natural  Selection"  has  now  received,  may  be  considered  as 
having  clearly  established  that  what  ha8  been  called  the  Law  of 
Natural  Selection  is  simply  a  generalised  expression  of  the  fact,  that 
among  the  varetal  forms  continually  arising  de  iiovo,  those  survive 
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whicli  are  best  adapted  to  their  enyironments.  The  canses  of  sach 
variation,  not  being  in  any  way  accounted  for  by  "  natural  selection," 
mnst  be  looked-for  either  in  the  influence  of  the  *'  environment "  on 
the  organism,  or  on  some  tendency  to  vary  inherent  in  the  organism 
itself ;  and  the  qaestion  which  now  most  occupies  the  minds  of  thought- 
ful Evolutionists,  is  whether  the  variations  that  have  coudjiced  to  the 
establishment  of  the  higher  tvpep  are  "  aimless,"  or  whether  they  have 
followed  a  definite  "  plan." 

From  a  careful  consideration  of  all  the  circumstahces  of  this  citse, 
the  author  comes  to  the  conclusion  not  only  that  such  a  "  plan  "  can 
be  clearly  traced  out  in  the  present  case,  but  that  "  natural  selection  " 
can  have  had  scarcely  any  share  in  determining  the  progressive  evolu- 
tion and  relative  distribution  of  the  several  forms  of  the  OrbUoline 
type. 


n.  "  On  the  Development  of  the  Great  Omentum  and  Trans- 
verse Mesocolon."  By  C.  B.  Lockwood.  Communicated 
by  W.  S.  Savory,  F.R.S.    Received  May  18,  1883. 

(Abstract.) 

The  paper  begins  by  quoting  the  two  usually  accepted  descriptioDS 
of  the  peritoneum  as  far  as  the  relations  of  the  omentum  and  trans- 
verse colon  are  concerned.  The  old  account,  that  which  makes  the 
transverse  colon  to  be  between  the  two  ascending  layers  of  the  great 
omentum,  is  first  given.  Afterwards  the  new  account  is  repeated ; 
this  says  that  the  colon  is  not  between  the  layers  of  the  great 
omentum,  but  only  adherent  to  them.  The  development  of  the  colon 
is  next  mentioned,  and  Haller's  theory,  that  the  colon  and  omentum 
become  adherent,  is  discussed.  Reasons  are  given  to  show  that  the 
old  account  of  the  peritoneum  is  the  true  one,  and  that,  therefore, 
Haller's  theory  is  unacceptable.  After  speaking  of  the  development 
of  the  omentum  and  its  relation  to  the  transverse  colon,  the  changes 
which  the  author  believes  iooccor  are  described.  Instead  of  adhesion 
taking  place  between  the  omentum  and  colon,  it  is  shown  that  the 
peritoneal  fossa,  which  at  early  periods  exists  between  them, 
gradually  disappears,  owing  to  an  unfolding  or  drawing  out  of  the 
peritoneum  at  that  point.  It  is  further  shown  that  when  this  has 
taken  place  the  transverse  colon  comes  to  be  between  the  two  ascend- 
ing layers  of  the  great  omentum. 

A  brief  description  of  the  anatomical  preparations  which  accom- 
pany the  paper  is  also  given. 
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III.  "  Ou  the  Cfliated  Groove  (Siphonoglyphe)  in  the  Stomo- 
cUeum  of  the  Alcyonarians."  By  Sydney  J.  Hicksok,  B.A^ 
B.Sc.  Aflsistant  to  the  Linacre  Profeesor,  Oxford.  Com- 
municated by  Professor  MosELSY,  F.R.S.  Received  May  23, 
1883, 

(Abstract.) 

1.  In  Alcyomum  there  is  a  groore  lined  by  remarkably  long  cilia, 
situated  on  the  ventral  side  of  the  stomodsdum.  This  groove,  which 
has  already  been  snperficially  referred  to  by  O.  and  B.  Hertwig,  has 
important  morphological  relations  in  the  groap  Alcyonaria  which  have 
not  been  previously  referred  to.  I  jpropose  to  oaU  it  the  sipho- 
noglyphe. 

2.  The  cilia  of  the  siphonoglyphe,  as  seen  in  a  living  Alcjoninm, 
moving  in  anison,  produce  a  current  from  without  inwards  which 
brings  particles  of  food  and  fresh  streams  of  water  into  the  canal 
system  of  the  colony.  The  cilia  lining  the  rest  of  the  stomodieum 
produce  currents  in  an  opposite  direction,  from  within  outwards. 

3.  A  siphonoglyphe,  varying  in  size  and  in  the  length  of  the  cilia, 
is  present  in  the  same  position  in  all  the  non-dimorphic  Alcjona- 
rians  (without  solid  calcareous  or  homy  axes)  I  have  examined,  e.g.^ 
Coelogorgia,  Briax'eus,  Nephthya,  Spongodes,  Tubipom»  Clavularia, 
Heliopora,  &c. 

4.  Amongst  the  dimorphic  Alcyonarians  the  siphonoglyphe  is 
usually  absent  in  the  autozooids,  but  well  developed  in  the  siphono- 
zooids.  In  Sarcophyton,  however,  a  feebly-developed  siphonoglyphe 
is  present  in  the  autozooids  in  addition  to  the  well-deyeloped  ones 
in  the  siphonozooids. 

5.  In  Primnoa  and  Yillogorgia,  the  only  examples  of  Alcyona* 
rians  with  solid  axes  I  have  examined,  no  siphonoglyphe  can  be 
found,  and  I  am  inclined  to  think,  from  the  researches  of  other 
observers,  and  from  general  considerations,  that  it  is  not  present  in 
any  genera  in  which  the  fleshy  pari»  of  the  colony  are  represented 
only  by  a  thin  crust  covering  solid  axes. 

6.  The  paper  contains  some  speculations  to  which  I  have  been  led, 
by  tixese  researches,  concerning  the  probable  phylogeny  of  the  group, 
and  a  diagrammatic  arrangement  of  the  Alcyonaria  on  these  Hues. 

7.  Finally  I  propose  to  divide  the  Alcyonaria  into  Ave  principal 
groups :  1st.  The  Proto- Alcyonaria,  including  only  those  genera 
which  do  not  form  colonies.  2nd.  The  Stolonifera,  including  the 
genera  Clavularia,  Gomularia,  Tubipora,  &c.,  in  which  the  young 
colonies  spring  from  a  creeping  stolon.  3rd.  The  Pennatulidso,  which 
remains  as  heretofore.  4th.  The  GorgonidsB,  a  group  which  contains 
only  those  genera  in  which  there  are  solid  homy  or  calcareous  axes. 
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and  no  siplionoglTplie.  5th.  The  Alcyonidas,  a  large  and  somewhat 
heterogeneous  group  containing  all  the  remaining  genera  of  the 
Alcjonaria,  which,  though  exhibiting  many  wide  yariations,  inter  se^ 
Sigree  in  possessing  no  specially  marked  characters  of  deviation  from 
an  ideal  central  form  from  which,  I  suppose,  they  must  haTC  sprung. 


IV.  ••  On  the  Vaiiations  of  Latency  in  certain  Skeletal  Muscles 
of  some  diflfeirent  Animals.'*  By  Theodore  Cash,  M.D, 
and  Gerald  F.  Yeo,  M.D.  Communicated  by  Dr, 
Sanderson,  F.R.S.    Received  May  29,  1883. 

In  a  former  paper  ("Proc.  ^Roy.  Soc.,"  vol.  83,  p.  462)  we  laid 
before  the  Society  the  results  of  a  series  of  experiments  hj  which  we 
had  endeavoured  to  ascertain  accurately  the  differences  in  the  dura- 
tion of  the  latent  period  of  contraction  of  skeletal  muscle  (frog's 
gastrocnemius)  which  could  be  brought  about  by  varying  the  follow- 
ing influences : — 

1.  The  weight  of  load. 

2.  The  mode  of  applying  weight  (supported  or  unsupported). 

3.  The  strength  of  stimulation, 

4.  Temperature. 

5.  Fatigue. 

We  have  since  been  engaged  in  determining  the  relative  duration 
of  the  latent  periods  of  different  skeletal  muscles  of  vertebrate 
animals.  Besides  several  muscles  of  the  Bana  temp.,  we  have 
examined  some  from  the  toad,  'tortoise,  small  mammals,  and  birds. 
In  this  paper,  which  is  intended  to  be  a  continuation  of  the  one 
above  referred  to,  we  beg  leave  to  lay  before  the  Society  the  results 
of  these  experiments  and  our  general  conclusions. 

We  know  from  the  works  of  Fick,*  Marey,t  Ranvier,  J  Fr6d6ricq,§ 
Richet,||  and  one  of  us,f  that  various  muscles  in  the  same  animal 
have  a  mode  of  contraction  differing  more  or  'less  from  one  another, 
and  adapted  to  the  kind  of  work  thej  have  to  perform.  But  in  the 
works  of  most  of  these  authors  little  information  can  be  found 
concerning  the  variations  in  the  duration  of  the  latent  period,  in  dif- 
ferently contracting  muscles,  whether  those  of  the  same  animal  or 
those  of  different  animals. 

♦  Fick,  "  Irritabelen  Substanxen." 

t  Marejr,  **  Dvl  MouYements  dans  les  Fonctions  de  la  Yie.*^ 

t  Banvier,  "  Lemons  rap  le  Sjst^me  Musculaire." 

§  FrW^ricq,  **  BuU.  de  1* Acad.  roy.  de  Belgique,"  lyii.  No.  6. 

II  Eichet,  "Physiologie  des  Muecles."  Ac. 

T  QMh,  •*  Joamal  of  Anat  and  Phys.,"  vol.  xv. 
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As  oar  desire  was  to  obtain  information  of  the  latency  acta  ally 
occurring  in  the  muscle,  we  adopted .  the  same  plan  in  this  series  as 
in  our  former  experiments  of  stimulating  the  muscle  directly.  The 
whole  length  of  the  muscle  was  introduced  into  the  secondary  circuit, 
and  a  contraction  registered,  resulting  from  a  maximal  opening  shock 
of  Du  Bois  Beymond's  inductorium  with  a  single  pint  Daniell  cell. 
The  arrangement  of  the  apparatus  was  similar  to  that  employed  in 
our  former  series  of  experiments. 

We  shall  tabulate  the  mean  results  of  a  series  of  measurements  of 
curves  obtained  from  a  number  of  obseiTations  upon  the  animals 
above  mentioned,  and  we  believe  they  will  prove,  that  while  the 
latencies  for  different  muscles  of  the  same  animal  bear  amongst 
themselves  certain  proportion  to  the  length  of  their  succeeding 
qurves,  we  can  by  no  means  reason  from  one  group  of  animals  to 
another  what  this  relationship  may  be. 

Though  the  duration  of  the  latency  of  eaoh  individual  muscle  varies 
within  certain  limits  in  different  frogs,  we  think  we  can  vouch  for  the 
correctness  of  the  inter-relationship  of  the  results  furnished  by  the 
various  muscles  employed  in  arriving  at  the  averages  given.  Our 
measurements  confirm  with  considerable  exactitude  those  obtained  by 
one  of  us  from  experiments  made  with  the  muscles  of  Bana  escw- 
lenta*  in  which  another  method  was  employed.  We  have  naturally 
regarded  those  results  as  most  satisfactory,  in  which,  by  working 
rapidly,  we  succeeded  in  obtaining  representative  curves  of  the  whole 
series  of  muscles  furnished  by  one  animal. 


Frog, 
Table  I. 


Rana  Temporaria.— Examined  in  December.  The 
measurements  obtained  from  a  large  number  of 
given. 


average  of   the 
experiments 


IS 


Muscle. 

Weight. 

Length  of 
latency. 

Altitude. 

Length  of 
curre. 

Gattroonemius  .. 

Triceps    

Seraimembr&nosus 
H  joglossus ...... 

Eectus  abd 

Biceps  crur 

10  grms. 

10      „ 

10      „ 

5      » 

5  „ 

6  „ 

•0117" 

•0114"  . 

•0116" 

•015" 

•014" 

•0124" 

23  mm. 
80    „ 

28  „ 

29  „ 
33    „ 
18-5  „ 

•12" 
•112" 
•119^ 
•18" 

•ler' 

•12" 

*  Casb,  "  Journal  of  Anat.  and  Phjs./'  toI.  zt.    . 
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Toad. 

Table  II. 

The  averages  of  several  experiments  made  during  December  and 
Jannarj.  Fresh  specimens  which  as  a  mle  had  been  bnt  one  night 
in  captivity  were  examined.  (The  weather  having  been  very  mild 
daring  the  time  of  experimentation  the  animals  were  active  and 
vigorous.) 


Muscle. 
Oastrocnemins .  • 

Triceps 

Hyoglossns   .... 

Bectns  abd 

Biceps  cmr 

Sartorins 


Weight. 
10  grms. 
10     „ 

6     „ 

6     „ 

6     „ 

6     „ 


Length  of  latency, 
•0123" . 
•0121" 
•0191" 
•0191" 
•0135" 
•015" 


March. — From  perfectly  fresh  Toads  the  following  variations  in  values 
were  obtained.     The  animals  had  not  spawned  : — 

Muscle. 


Chistrocnemius  . 

Triceps 

Hyoglossns  . . 
Bectus  abd.  . . 
Biceps  cmr.  . . 
Sartorins    .... 


Tftriation  of  length  of 

latency. 

•0135"       .... 

•0146" 

•0128"      .... 

•0128" 

•015" 

•0192" 

•013" 

•015" 

•015" 

•0155" 

•0137"      .... 

•0146" 

The  duriations  of  the  latencies  in  the  latter  part  of  Table  II  differ 
but  slightly  from  those  obtained  from  the  "  winter  frog,"  as  will  be 
seen  from  contrasting  the  following  muscles  : — 


Muscle. 
Oastrocnemins 
Triceps. ...... 

Hyoglossns  . . . , 
Biceps  cmr. . . . 

Bectus  abd.  . . . 


(iVesh)  Toad 
(March.) 
•0135" 
•0128" 
•015" 
•015" 
•013" 


Frog 
(December). 

•our 

•0114" 
•015"   . 
•0124" 
•014" 


It  is  worthy  of  note  that  the  more  pronounced  di£Ferences  of  latency 
between  toad  and  frog  lie  in  the  muscles  of  the  extremities ;  the 
trunk  muscles  yield  more  nearly  equal  values.  An  appeal  to  function 
shows  that  the  circumstance  is  highly  probable.  The  frog  which 
depends  upon  speed  of  movement  for  procuring  its  food,  for  safety 
from  enemies,  and  preservatidn  from  death  in  times  of  drought,  has 
different  motor  requirements  from  the  toad,  which  dependa  for  safety 


Digitized  by  CjOO^IC 


284 


Drs.  T.  Cash  and  G.  F.  Yeo. 


[June  14, 


on  cronching,  and  on  its  approximation  of  colour  to  that  of 
enrrounding  objects,  whilst  it  rather  waits  for  its  food  to  come  to  it, 
than  attempts  to  pursue  it.  But  the  requirements  of  the  trunk 
muscles  are  much  more  similar  in  the  two  animals,  and  thus  we  find 
the  hjoglossus  for  procuring  food,  and  Hie  rec.  abdominis  for 
spawning,  respiration  and  flexion  of  the  body,  jielding  rerj  mmilar 
Talues. 

Tortotee, 

In  order  to  obtain  a  complete  record  of  the  long  curre  of 
contraction  of  the  tortoise  muscle,  and  at  the  same  time  an  exact 
estimation  of  its  latency,  a  second  recording  surface  had  to  be 
employed.  The  apparatus  was  therefore  so  arranged  that  the  tendon 
of  the  muscle  drew  upon  the  membrane  of  a  Marey's  tambour,  which 
acted  as  a  weight  beneath  the  lever  which  recorded  on  the  plate  of 
the  pendulum.  By  meand  of  a  second  invertied  taihboar  armed  with  a 
light  lever,  the  transmitted  movement  was  written  on  a  rotating 
cylinder.  The  commencement  of  the  carve  including  the  time  of 
latency,  was  drawn  on  the  rapidly  moving  plate  of  the  pendalum,  and 
simultaneously  a  graphic  record  of  the  shape  and  duration  of  the 
total  curve  was  obtaioed  on  the  dram.  The  results  coald  be 
associated  after  measurement  of  the  tuning-fork  curveB,  by  means  of 
which  the  time  was  in  each  case  controlled. 

Tortoise. 

Table  III. 

Muscles  of  Land  Tortoise.     Examined  in  Winter. 

The  muscles  were  prepared  as  rapidly  as  possible  with  their  bony 
insertions  or  attachmenis  to  the  carapace  preserved,  Stimalation 
direct  maximal. 


Muscle.* 

Weight. 

Latency. 

length  of  otnnre 
to  notch.   . 

Lengd^  of  carre 

toabeciasa 

(circa). 

Omohyoid 

Semimembnmbsus 

Biceps  fern 

Ext.  dig.  com.    . . 

30  grms. 
30      », 
10      „ 
10      „ 

•0225" 
•0247" 
•028" 
•088" 

•83" 
1" 

1-16" 
IS" 

4"— 6" 
4" 
6" 
6-6" 

Of  these  muscles  the  first  two  are  strictly  parallel  fibi*ed.      The 
omohyoid  is  the  agent  chiefly  concerned  in  the  retraction  of  the  head, 

*  For  Domenclature  of  muscles,  see  Bojanns,  **  Axuitome  TestodiniB  EmoiMm/' 
VihisB,  1849. 
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ihe  most  rapid  movement  of  which  the  animal  is  capable.  Tlie  semi- 
membranoBHS  passes  over  three  joints,  and  a  considerable  extent  of 
contraction  is  necessary  in  order  to  enable  it  to  flex  the  foot  on  the 
knee,  and  the  thigh  on  the  pelvis.  Both  of  these  moscles  arrive 
speedily  at  a  maximnm  of  contraction,  '18"  and  *24",  and  coincideotly 
with  this  rapid  action  we  have  the  relatively  short  latency  quoted. 
There  is  a  considerable  difficnlty  in  estimating  the  length  of  carve  of 
the  tortoise  muscle,  owing  to  its  gradual  return  to  the  base  line. 
Usually  a  notch  in  the  descending  part  of  the  curve  shows  the 
distinction  between  the  active  curve  and  the  after  shortening  which  is 
00  marked  a  feature  in  the  action  of  the  jnusdes  of  this  animal ;  but 
occasionally  the  one  passes  into  the  other  by  insensible  gradations. 
We  have,  however,  endeavoured  by  varying  the  burden  to  produce 
some  indication  of  this  notch  when  none  at  first  existed,  and  we  have 
confined  ourselves  to  the  results  which  we  believe  to  be  correct. 

Wcmn-blooded  Animals. 

The  muscles  of  warm-blooded  animals  were  examined  in  situ,  the 
circulation  being  as  little  as  possible  interfered  with,  and  the  animal 
kept  well  under  the  influence  of  anesthetics.  A  modification  of 
Banvier's  rabbit- holder  was  utilized  in  order  to  support  the  animal  in 
the  necessary  relationship  to  the  recording  lever.  The  head-holder  at 
one  end  of  a  small  board,  consisted  of  a  loop  of  metal  covered  with 
cord,  which  received  the  snout  or  beak  and  anterior  part  of  the  head, 
whilst  a  piece  of  string  run  through  two  openings  in  the  loop,  and 
behind  the  occiput  kept  the  head  in  position,  and  facilitated  the 
administration  of  ether.  The  board  which  served  to  support  the 
animal  was  perforated  with  numerous  holes,  through  which  strings 
attached  to  the  animal  passed.  The  under  surface  of  the  board  was 
fitted  with  a  ball  and  socket  joint,  which  could  be  clamped  firmly  to 
the  sliding  table  on  which  the  lever  rested.  By  a  screw  which  fixed 
the  cup  around  the  ball,  this  joint  could  be  tightened  when  the  board 
was  adjusted  to  any  given  position,  and  thus  the  muscle  to  be 
examined  could  be  brought  into  direct  line  of  traction  with  the  lever 
without  altering  the  attachment  of  the  animal  or  otherwise  disturbing 
the  apparatus.  The  axis  of  the  lever  was  provided  with  a  short  arm 
projecting  on  the  side  opposite  to  the  lever,  to  which  a  thread  passing 
from  the  muscle  was  attached.  The  arm  was  drawn  downwards  by 
the  contracting  muscle,  and  the  lever  therefore  upwards,  so  that  a 
curve  in  eveiy  way  comparable  to  those  obtained  by  direct  traction  was 
drAwn* 

Mammals, 
Table  IV.—Adult  Rat. 

The  gastrocnemius  of  the  rat  draws  a  curve  with  a  double  summit. 
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The  value  of  the  cnrve  to  the  first  distinct  fall  of  the  lever  is  '13", 
but  relaxation  occurs  slowly  after  this. 

Muscle.                 Weight  Latency.  oJle.^ 

Gastrocnemius   .  •     80  grms "Oil"  ....       '13 ' 

The  maximum  of  contraction  is  reached  in  about  •03". 
Table  V. — Kitten  (two  months  old). 


Muade.  Weight. 

Gastrocnemius .  • .  •         30  grms. 

Birds, 
The  muscles  of  three  birds  were  examined. 

Table  VI. 


LatencT. 
•018" 


ADimal. 


Hen... 
Pigeon. 


Blackbird 


Muscle. 


Gastrocnemius 


Pect.  maj..«  •• . 
Gastrocnemius 
Biceps  brach. 


Weight. 


30  grms. 
30      „ 
80      „ 


Latency. 


•0204" 

•012'' 

•Oil" 

•0125" 

•014" 


Length  of  curre. 


•116" 
•074" 
•083" 
•081" 
•08r' 


Max.  of  biceps  brach.  •045". 


We  will  not  recapitulate  the  results  given  in  the  tables  further 
than  by  drawing  attention  to  the  extremes  of  the  values  obtained. 
In  the  December  frog  we  found  the  triceps  directly  stimulated  bad  the 
shortest  latency  (0114''),  whilst  the  hyoglossus  had  the  longest  *015'^ 
The  muscles  of  the  trunk  hyoglossus  and  rectus  abdominis  (compound 
but  parallel  fibred  muscle)  exhibited  longer  latencies  than  did  the 
muscles  of  the  extremities ;  the  muscles  of  the  arm  again  longer  than 
those  of  the  leg. 

In  forming  our  conclusions  concerning  the  duration  of  the  latent 
period  of  contraction  of  skeletal  muscles,  and  the  variations  it  is 
subject  to,  we  must  refer  repeatedly  to  our  former  paper,  of  which 
this,  as  has  been  said,  may  be  regarded  as  the  continuation. 

The  latencies  of  gastitKmemii  of  Bona  temp,,  examined  between 
January  and  April,  and  selected  at  random,  varied  between  wide 
limits,  namely  from  -008"— 0208".  These  values  include  also  measure- 
ments  taken  from  curarised  gastrocnemii,  but  as  we  have  already 
pomted  out,  the  small  dose  of  curare  employeid  appeared  in  no  way  to 
cause  any  divergence  in  reaction  of  the  muscle  from  the  normaL  In 
this  respect  our  results  confirm  the  view  expressed  by  Pfliiger.     In 
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support  of  ihiB  we  maj  mention  that  the  shortest  latency  referred  fo 
occurred  in  a  enrarised,  the  longest  in  a  non-cnrarised  mosole.  In 
the  case  of  the  toad,  yariations  dae  solely  to  the  individaal  were  con- 
siderable, bnt  the  divergeDcies  were  not  so  great  as  in  the  case  of  the 
frog.  Thas  in  six  gastrocnemii  taken  from  different  indiyidnals  the 
range  was  from  '0125"  to  'Ol?'',  in  the  triceps  (six  mnscles)  from 
•012"  to  -015",  and  in  the  hyoglossus  -016"  to  -024".  We  seldom 
found  any  material  difference  in  the  latencies  of  corresponding  muscles 
in  the  same  animal.  The  toads  examined  in  December  and  January 
yielded  latencies  averaging  '0121"  (triceps)  and  '0191''  (hyoglossus 
and  rectus  abdom.),  whilst  the  March  animals  gave  0128''  (triceps) 
as  the  shortest,  and '  *015''  (hyoglossus  and  biceps)  as  the  longest 
latencies.  The  subjects  of  the  latter  experiments  were  nnspawned 
animals,  and  the  reaction  of  the  trunk  muscles  was  marked  by  an 
accession  of  irritability. 

In  the  tortoise,  the  long  parallel  fibred  muscles,  omohyoid  and 
semibranosus,  yielded  the  shortest  latencies,  viz.,  *0225''  and  *0247" 
respectively,  whilst  the  wide  bellied  biceps  and  the  broad  but  short 
extensor  communis  digitorum  gave  distinctly  longer  periods  ('028" 
and  *033").  The  gastrocnemius  of  a  kitten,  aged  two  months,  showed 
a  latency  of  *018'',  and  that  of  a  white  tame  rat  '011^'. 

In  the  pigeon  the  pectoralis  major  has  a  slightly  shorter  latency 
('01'^)  than  the  gastrocnemius,  but  in  the  blackbird  the  biceps  (a  mifscle 
intimately  connected,  as  is  the  pectoralis,  with  flying  movements) 
appears  to  have  a  latency  longer  by  *0015''  than  the  gastrocnemius  of 
the  same  bird.  It  is  worthy  of  remark,  however,  that  the  blackbird 
had  been  reared  and  kept  in  confinement,  and  therefore  it  is  probable 
that  the  mascles  connected  with  flight  were  to  a  certain  extent 
uneducated  and  undeveloped. 

To  sum  up  the  variations  in  latency  obtained  between  the  frog 
muscle,  which,  free  from  exceptional  influences,  yielded  the  shortest 
(•008"),  and  the  tortoise  muscle,  which  yielded  the  longest  ('033"),  we 
have  but  a  range  through  *025",  a  variation  small  enough  to  be  in  itself 
surprising,  but  still  more  so  when  we  consider  the  relative  durations  of 
the  contractions  to  which  these  latencies  are  initial.  We  may  certainly 
infer  from  these  results  that,  though  the  intralatent  processes  in  the 
various  muscles  of  a  given  animal  have  a  certain  inter-relationship 
with  the  resulting  contractions,  and  that  each  muscle  variety  gives 
divergencies  from  its  normal  latency  and  contraction  only  within 
certain  limits,  that  we  can  establish  no  argument  of  probabilities  from 
an  animal  of  one  species  to  an  animal  of  another  species  as  regards  the 
latency  preceding  contraction.  The  same  holds  true  of  warm-blooded 
as  well  as  of  cold-blooded,  of  Camivora  as  of  Bodentia. 

The  literature  published  during  the  last  twenty  years  relating  to  the 
duration  of  the  latent  period,  bears  witness  to  the  very  different  lines 
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of  investigation  parandd  by  experimenters,  as  well  as  to  the  widelj^ 
Tarying  results  which  they  haye  obtained.  It  seemed  to  as,  therefore, 
that  Ume  devoted  to  a  systematic  examination  with  one  exact  method 
of  the  many  aspects  of  the  subject  would  be  advantageously  employed, 
and  would  furnish  results  relatively  correct,  and  of  a  value  which 
would  be  gpreater  than  could  be  obtained  by  grouping  the  condusions 
of  numerous  authors,  whose  methods  and  objects  of  research  differed 
and  who  had  no  unanimous  starting  point  for  their  investigationa. 

For  the  gastrocnemius  of  a  frog : 

Helmholz*  gives  as  a  latency 'Ol" 

Placet  and  Gad  J -004" 

whilst  Mendels8ohn,§  who  has  admirably  grouped  the  results  obtained 
by  these  and  other  authors,  found  that  in  frogs  taken  at  random  of 
various  sizes  and  in  different  seasons,  the  latency  varied  within  the 
wide  limits  of  '004"— 012".  Navalachin|t,  who  has  ably  invedigated 
the  production  of  heat  during  the  active  contraction  of  striated 
muscle,  has  pointed  out  that  the  latency  of  the  frog's  gastrocnemius  is 
shorter  in  the  spring  than  in  the  summer  months«  Here  we  have  to 
do  with  another  element  rather  than  with  temperature — namely, 
with  the  spawning  of  the  animal,  the  most  disturbing  internal 
influence  to  whidi  a  frog  is  liable.  The  latencies  before  and 
afte^  spawning  are  various,  the  irritabOity  of  the  muscles  beings 
different.  This  is  in  its  effect  almost  convertible  with  the  experience 
of  Helmhols,  Engelmann,  Lautenbach,  and  others,^  who  have  pointed 
out  that  increase  in  strength  of  stimulation  shortens  the  latency.  In 
the  spring-time  the  irritability  of  the  animal  is  increased,  and  maxi- 
mal stimulation,  which  in  the  summer  frog  would  produce  a  certain 
definite  effect,  is  here  hyper-maximal  (so  to  speak)  and  the  latency  is 
oorrespondingly  shortened.  To  the  same  reason,  ».e.,  an  increase  in 
irritability,  Mendelssohn  looks  for  the  explanation  of  the  shortened 
latency  of  the  musde,  whose  nerve  has  just  been  divided.  We  must» 
however,  confess  that  we  are  unable  to  confirm  his  results,  t.^.,  that  the 
latency  in  the  case  of  the  muscle  of  which  the  nerve  has  just  been 
divided,  may  be  temporarily  shortened  by  half,  in  the  case  of  the 
Bcma  temp.  The  latency  given  by  Ghid  (004")  associated  with  a 
lengthening  of  the  muscle  as  precursor  to  its  general  oontraction,  we 
cannot  attempt  to  criticise,  as  we  have  very  rarely  oursdves  seen  the 
form  of  curve  he  represents  as  being  normal,  but  which  he  only 

♦  Hehnholz,  "  Mailer's  Archir,"  1850. 

t  Place,  "  Nederland  Archh  r.  Genees.  en  Natrnir/'  HI,  1867. 

t  Gad,  "  Ueber  das  Latenxstadium,  Ac.,"  "  Arobir  f.  Anat.  and  Phyt.,**  1879. 

§  Mendelssohn,  **  Mxrefn  TraTaaz,"  1878-9. 

(I  Naralachin,  "  Myothermisohe  UntenuchUBgeD,"  "  PflOger**  Aieh.,*'  Bd.  XTT. 

\  See  Tables  IV  and  V  in  former  paper. 
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obtained  where  the  mnsole  is  transfixed  by  the  leyer.  An  intra-lateni 
lengthening  of  the  entire  mnscle  does  opcasionallj  ocoar,  bnt  in  oar 
•experiments  it  had  no  constant  relationship  whatever  to  the  time  of 
stimnlatioiiy  and  we  therefore  regarded  it  as  a  chance  extension.  We 
have  not,  however,  been  able  to  find  time  to  repeat  the  experiments — 
Qsing  his  methods — ^from  which  Gad  deduces  his  resnlts. 

The  brief  latency  that  Place  and  Klnnder  obtained  from  stimulation 
•of  the  already  shortening  mnscle,  we  have  rarely  seen.  When  it  does 
•occur,  its  accurate  estimation  becomes  extremely  difficult,  as  it  is 
necessary  to  separate  the  moment  when  active  contraction  commences 
from  the  passive  shortening  which  preceded  it,  and  one  phase  often 
passes  into  the  other  by  almost  insensible  gradations.  Fallacies  of  so 
extensive  a  nature  arise  from  the  use  of  a  slowly  moving  recording 
surface,  and  of  a  short  lever,  that  we  have  in  all  cases  employed  a 
rapid  swing  of  the  pendulum  myograph,  and  a  lever  multiplying  the 
^contraction  by  six  or  seven  times,  for  the  production  of  the  curves  from 
which  our  data  of  latencies  are  taken.  In  the  fatigued  muscle, 
for  instance,  commencing  contraction  is  very  gradual ;  so  gradual  in 
i&ct  that  its  earlier  phases  may,  with  a  short  lever,  be  readily  mistaken 
for  a  prolongation  of  the  latency.  We  need  not  point  out  that  with  a 
-comparatively  slowly  moving  cylinder  slight  inaccuracies  in  measure- 
ment— at  all  times  subject  to  occur — are  multiplied  proportionally  as 
the  speed  becomes  slower. 

A  cursory  examination  of  the  tables  in  our  first  communication 
shows  that  of  the  causes  therein  examined,  the  most  potent  in  afEect- 
ing  the  latency  are  variations  in  temperature  and  fatigue;  of 
secondary  importance  are  the  strength  of  stimulation  and  the  mode 
of  suspension  of  the  extending  weight. 

Temperature. — In  the  gastrocnemius  of  an  "  April  frog  "  (indirect 
stimulation)  we  saw  for  an  excursion  through  20°  C.  (viz.,  from  5**  to 
25°)  a  variation  of  '014"  in  the  length  of  the  latency ;  in  the  muscle 
of  another  animal  heated  from  the  normal  room  temperature  (17°) 
through  14°  C,  a  variation  of  '01"  was  obtained.  Taking  the  room 
temperature  as  the  starting  point,  we  find  in  these  experiments  that 
lowering  the  temperature  through  5°  increased  the  latency  '004^', 
•0033",  and  '0027"  respectively.  Heating  through  5°  above  the 
normal  yielded  a  shortening  of  *0016" — '0012",  but  though  these 
figures  represent  a  usual  result,  occasionally  there  is  a  much  more 
extensive  variation.  Thus,  in  one  case  with  an  unusually  long 
latency  ('017")  at  the  room  temperature,  heating  through  5^  reduced 
the  latency  '01".  After  this  point  in  the  heating  process  had  been 
reached,  the  course  of  the  latency  under  higher  temperatures  was 
strictly  comparable  with  that  of  other  muscles  with  a  more  ordinary 
initial  latency,  and  we  should  regard  this  cii*cumstance  as  furnishing 
a  proof  that  this  abnormally  long  latency  was  in  reality  owing  to 
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some  unstable  caase  not  usually  operatiye.  We  liave  seen  such 
muscles  allowed  again  to  cool  to  the  room  temperature  fail  to  give^ 
again  the  long  initial  latency  at  first  manifested,  whereas,  as  a  rule, 
the  result  obtained  ^m  a  given  temperature  for  the  same  muscle  ia 
constant  or  nearly  so,  should  heating  and  cooling  not  have  been  carried 
to  a  deleterious  extent.  We  cannot  regard  a  muscle,  showing  a  long^ 
latency  and  a  long  curve,  as  being  in  both  respects  in  series  with  a 
more  quickly  contracting  muscle,  cooled  down  through  a  certain 
range  of  temperature.  One  of  the  most  important  featares  in  the- 
divergence,  is  in  the  change  of  elasticity  in  the  case  of  the  cold 
muscle,  but  beyond  this  we  have  variations  of  kind  between  musclea  - 
which  must  help  to  account  for  the  intimate  relationship  between  th& 
latency  and  curve  in  any  given  muscle. 

Fatigue. — M.  Ranvier  has  recorded  the  remarkable  &Mst  that  the 
latency  of  the  thoroughly  fatigued  red  muscle  of  the  rabbit,  may 
bear  the  proportion  to  that  of  the  fresh  muscle  of  nearly  five  to  one. 
He  says,  if  the  strength  of  the  stimulation  is  increased,  the  latency 
shortens  again,  as  oontractibility  is  redeveloped.  Since  the  fatigued 
muscle  is  equally  elastic,  but  less  irritable  than  the  fresh  muscle,  a 
stimalation  which  at  first  produces  a  maximal  result,  soon  becomea 
sub-maximal,  then  minimal,  and  finally  ceases  to  be  effective ;  so  that 
constant  increase  of  stimulation  is  required  to  elicit  an  equal  (in  the 
sense  of  a  maximal)  effect.  Mendelssohn  has  described  an  increase  of 
latency  from  '008"  to  '03"  in  the  gastrocnemius  of  the  frog  as  the 
result  of  ffttigue.  These  extensive  variations  are  quite  possible,  but  it 
not  infrequently  happens  that  the  length  of  the  latency  is  rather 
apparent  than  actual  as  a  result  of  fatigue.  A  careful  examination 
of  the  curve  of  a  fatigued  muscle  will  often  enable  us  to  determine 
a  very  gradual  but  definite  departure  of  the  lever  attached  to  the 
muscle  from  the  abscissa,  in  what,  at  first  sight,  seemed  to  be  the 
actual  latency.  This  would  be  concealed  by  a  thick  abscissa,  or  lost 
by  the  use  of  a  too  slightly  amplifying  lever. 

In  our  former  paper  we  gave  tables  showing  that  1,300  induction 
shocks  (producing  maximal  single  contractions),  increased  the  latency 
•00526",  and  that  two  minutes'  tetanus  had  the  effect  of  lengthening 
this  period  -0066".  We  also  pointed  out  that  it  is  in  the  extreme  of 
fatigue  that  the  rapid  increase  in  the  latency  occurs.  Exercise  short 
of  distinct  fatigue  was  seen  even  to  shorten  the  latency  to  a  slight 
extent.  This  may  have  been  in  part  due  to  the  increase  of  extensi* 
biltty  which  Yolkmann  has  shown  occurs  in  earlier  stages  of  fatigue 
of  the  muscle.  In  the  later  stages  of  fatigue,  however,  the  extensi- 
bility decreases  as  the  elasticity  of  the  shortened  muscle  increases, 
and  here  we  have  a  corresponding  increase  in  the  latency. 

The  effects  of  variations  of  strength  of  stimulation  and  in  the 
amount  of  weight  employed,  and  the  manner  of  employing  it>  have 
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been  discussed  in  our  previous  paper,  and  need  not  occupy  us  here ; 
from  a  physiological  point  of  consideration  these  are  in  the  economy 
of  the  living  animal  liable  to  smaller  variations,  and  therefore  of  lees 
interest  than  the  effect  of  change  of  temperature  and  fatigue. 

Physiologically  considered,  the  weight  raised  when  the  muscle  is  in 
service  will  be  constant  for  the  individual,  when  the  stimulations  are 
oquaL  The  researches  of  Navalachin  have  shown  that  most  work  is 
done  and  less  fatigue  produced  when  stimulation  sub-maximal  in 
character  is  applied  to  the  frog*s  muscle,  and  no  doubt  the  muscle  in 
service  during  life  is  usually  excited  by  sub-maximal  stimulation  (iti 
an  electrical  sense).  It  is  important  to  bear  in  mind  that  a  constant 
weight  used  in  a  series  of  experiments  bears  a  different  relationship 
to  the  muscle  of  a  frog  weighing  x  grms.  or  «  -f  or  a?  —  grms., 
inasmuch  as  it  affects  variously  the  elasticity  of  the  stronger  or 
weaker  muscle.  In  highly  extensible  parallel-fibred  muscles  with  a 
small  limit  of  elasticity,  such  as  the  hyoglossas,  the  divergencies 
obtained  by  incommensurate  weightings  are  very  considerable. 

Our  experiments  tend,  we  think,  to  support  the  idea  which  has 
been  expressed  by  many  physiologists,  that  the  relationship  between 
length  of  latency  and  the  conditions  of  elasticity  and  extensibility  of 
the  muscle  is  a  close  one. 

Concltmons. 

1.  The  limits  within  which  the  normal  latency  varies  (intentionally 
introduced  extrinsic  influences  apart)  appear  to  be  as  follows : — 

a.  In  gastrocnemii  of  various  frogs  at  different  seasons^ 

Bana  temp.  -OOS"— -0208/' 

h.  In  different  muscles  of  the  same  animal^ 

Frog  . .  -008"  (gastrocnemius)  to  '022"  (hyoglossus). 
Toad  ..  -012"  (triceps)  „  '024"  (hyoglossus). 

Tortoise  -022"  (omohyoid)  „  -036"  (ext.  dig.  com.,<fcc.). 

(The  complete  exclusion  of  certain  influences,  nutritive,  thermal, 
&c.,  is  impossible.) 

2.  Conclusions  as  to  the  length  of  the  latent  period  based  on  the 
duration  of  the  contraction  are  liable  to  error ;  especially  is  this  the 
case  when  we  attempt  to  reason  for  one  class  of  animals  from  the 
relationship  found  in  another. 

3.  The  duration  of  the  latency  increases  and  decreases  in  direct 
bat  unequal  proportion  to  the  amount  of  weight  which  the  muscle 
has  to  lift. 

4.  Increase  in  strength  of  stimulation  is  accompanied  by  a  shorten- 
ing of  the  latent  period.  The  variation  seems  to  depend  on  the 
absolute  strength  of  the  stimulus  employed,  viz. :  (a)  Increase  from 
minimal  to  stimulation  giving  rise  to  maximal  contraction  is  accom- 
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panied  bj  a  steady  and  marked  decrease  in  the  duration  of  the 
latency,  (h)  When  once  maximal  contractions  are  arrived  at,  con- 
siderable increase  in  strength  of  stimulation  does  not  alter  the  length 
of  the  latency,  (c)  After  a  certain  point  has  been  reached,  further 
increase  in  strength  of  stimulus  (hyper-maximal)  causes  elongation  of 
the  latent  period  associated  with  signs  of  injury  to  the  tissue. 

5.  Fatigue  must  attain  a  considerable  degree  before  it  materially 
affects  the  length  of  the  latency.  When  it  once  begins  to  produce 
an  effect  it  rapidly  lengthens  the  latent  period  of  muscles  removed 
from  the  animal  or  in  which  circulation  has  ceased. 

6.  Ghauges  in  temperature,  even  minimal  in  amount,  cause  a 
marked  alteration  in  the  latency. 

Lowering  of  temperature  is  accompanied  by  a  steady  elongation, 
and  elevation  by  a  rapid  shortening  of  the  latent  period.  When  the 
heat  becomes  intense  (for  frog  over  circa  36**  C.)  the  length  of  the 
latency  seems  again  to  increase,  as  the  muscle  passes  into  heat  rigor. 

7.  In  observing  the  above  variations  in  the  duration  of  the  latency, 
we  have  failed  to  find  the  wide  extremes  given  by  some  authors  as  the 
limits  of  this  phase  of  the  contraction  of  striated  muscle 


V.  **  Experimental  Researches  on  the  Electric  Discharge  with 
the  Chloride  of  Silver  Battery.  Part  IV."  By  Warren 
De  La  Rue,  M.A.,  D.C.L.,  F.R.S.,  and  Hugo  W.  Muller, 
Ph.D.,  F.R.S.     Received  June  11,  1883. 

(Abstract.) 

The  authors  recall  that  at  the  conclusion  of  the  third  part  of  their 
researches,*  they  stated  that  they  intended  to  make  an  investigation 
on  the  dark  discharge,  and  the  special  conditions  of  the  negative  dis- 
charge ;  this  paper  contains  a  number  of  experiments,  more  especially 
on  the  latter  subject,  and  also  others  intended  to  throw  light  on  the 
general  nature  of  the  electric  discharge  through  gases. 


The  first  part  of  the  paper  describes  some  experiments  made  with 
vessels  of  different  forms  in  order  to  ascertain  whether  the  dimensions 

•  •*  Phil.  Trans."  vol.  171,  p.  65. 

Digitized  by  VjOOQIC 


1883.]    Electric  Discharge  with  Chloride  of  Silver  Battery.       293 


&ud  shape  of  tihe  yessel  have  anj  effect  on  the  pressure  of  minimam 
reeistanoe  to  the  electric  discharge.  This  was  foxind  to  be  the  case, 
for  example,  with  a  residual  air  charge  in  a  spheroidal  yessel  7  inches 
(17*8  oentims.)  long,  and  5  inches  (12*7  centims.)  diameter  (fig.  1),  the 
pressure  of  minimum  resistance  was.  as  high  as  3  millims.,  3947  M  ; 
while  in  a  tube  22*5  inches  (57  oentims.)  long,  and  1*625  inches  (4*1 
centims.)  diameter  (fig.  2),  it  was  onlj  0*69  millim.,  908  M  ;  again  in  a 
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smaller  tnbe  23  incbes  (58*4  centims.)  long,  and  0'75  incli  (1*9  centimB.) 
diameter  (fig.  3),  it  was  1  millim.,  1316  M.  It  is  evident,  therefore, 
that  not  only  the  dimensions  of  the  tube,  but  possibly  also  the  shape 
of  the  terminals,  have  an  influence  on  the  pressure  of  least  resistance, 
and  it  is  very  probable  that  in  the  atmosphere,  where  lateral  expan- 
sion is  practically  unlimited,  the  conditions  of  minimum  resistance  are 
different  from  those  which  exist  even  in  very  large  tubes,  and  that 
this  may  influence  the  height  of  the  aurora. 

The  paper  next  deals  with  the  discharge  in  miniature  tubes  J  inch 
(2*2  centims.)  long,  and  J  inch  (0'63  centim.)  diameter,  with  ter- 
minals nearly  touching  (fig.  4)  ;  at  first  it  required  2,400  cells  to  pass. 


rzj,4 


then  a  single  cell  would  do  so,  but  after  standing  a  short  time  it 
required  4,800  cells  to  reproduce  a  discharge.  In  another  tabe 
If  inches  (4*4  centims.)  long,  and  f  inch  (095  centim.)  diameter,  with 
the  terminals  distant  000104  inch  (0*0264  millim.),  it  required  2,240 
cells  to  produce  a  discharge,  then  the  potential  had  to  be  increased  to 
11,240  cells  to  do  so.  Ultimately  even  this  number  faUed,  but  after 
the  tube  had  lain  by  for  some  days,  600  cells  could  pass.  It  is  very 
possible  that  the  strong  discharge  in  the  first  instance  volatilized  a 
portion  of  the  terminals  which  were  of  platinum,  and  that  this 
volatilized  metal  condensed  afterwards,  or  else  that  the  terminals 
absorbed  the  gas  so  completely  as  to  produce  a  vacuum  too  perfect  to 
admit  of  a  discharge  taking  place ;  and  that,  ultimately,  sufficient  of 
the  occluded  gas  was  again  given  ofE  to  render  it  again  possible. 

In  connexion  with  the  occlusion  of  gas  by  terminals,  a  case  is 
described  in  which  the  terminals  are  of  palladium,  and  the  charge 
hydrogen  (fig.  5).  After  a  few  discharges  the  terminals  occluded  some 
of  the  gas,  and  when  a  fresh  one  was  produced,  a  vol^ile  compound  of 
hydrogen  and  palladium  was  given  ofi^,  especially  from  the  neg^ve, 
and  produced  a  dense  mirror-like  coating  on  the  inside  of  the  tube 

Digitized  by  LjOO^IC 


1883.]    Electric  Discharge  with  Chloride  of  Silver  Battery.       2d5 

{fig.  6) ;  ihis  waB  re-occluded  by  standing  for  a  couple  of  days,  leaving  the 
tabe  free,  and  again  given  o£E  to  form  a  new  mirror-like  coating  with 
^  fresh  discharge ;  this  property  has  continued  since  March,  1875. 


Fio.  6. 
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The  paper  next  describes  experiments  to  ascertain  the  length  of  the 
«park  in  dry  air  and  in  air  saturated  with  moisture.  It  was  found  to 
be  practically  the  same  in  both  cases.  With  10,860  cells  the  mean 
length  of  the  spark  between  two  paraboloidal  points  was  found  to  be 
in  dry  air  0'4i5  inch  (11  centims.),  in  moist  air  0*447  inch  (1*1 
<centims.). 

The  next  subject  taken  up  is  the  discharge  in  a  tube  from  two 
batteries,  first  in  the  same,  and  then  in  contrary  directions.  In  the 
tube  are  two  terminals  at  each  end,  one  pair  at  opposite  ends  being 
enclosed  in  two  short  pieces  of  tube,  9  inches  (22*8  centims.)  long, 
^and  \  inch  (1*27  centims.)  diameter ;  the  main  tube  being  31  inches 
(95*2  centims.)  long  and  1|  inches  (4*4  centims.)  diameter  (fig.  7). 
The  various  phases  of  the  stratified  discharge  are  represented  in  an 
•engraved  mezzotint  steel  plate  copied  from  photographs,  and  show 
the  efiect  of  the  one  stratified  discharge  on  another  stratified  dis- 
•charge  produced  by  a  second  battery.  It  is  seen  that  two  discharges 
in  contrary  directions  may  take  place  in  the  same  tube,  and  that  the 
•one  modifies  the  aspect  of  the  other. 

Experiments  are  also  described  in  a  tube  in  the  form  of  a  cross 
with  four  arms  at  right  angles  (fig.  8) ;  with  two  separate  batteries 
<x>nnected  in  various  ways  with  the  different  members.  The  experi- 
ments were  made  both  in  air  and  in  hydrogen.  By  the  introduction 
of  external  resistance  in  one  of  the  batteries,  the  discharge  could  be 
readily  identified  as  belonging  to  that  battery  by  the  efiect  of  the 
resistance  on  the  character  of  the  stratification.  In  one  of  the  mezzo- 
tint plates  are  several  figures  copied  from  photog^raphs  which  show 
^slearly  the  phenomena  produced.  Calling  the  poles  P  and  N,  of  one 
battery.  A,  and  P'  and  W  of  the  other,  B,  it  is  shown  in  one  case 
when  two  currents  were  equal  0*0083  ampere,  that  a  discharge  from 
A  battery  goes  from  P  in  the  direction  of  N  only  so  isr  as  the 
junction  at  the  cross  and  then  turns  ofE  to  N',  the  negative  of  the 
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other  battery  B ;  while,  on  the  other  hand,  the  discharge  of  the  B 
battery  goes  from  P'  to  N  of  the  A  battery.  The  case  is  different  if 
an  external  resistance  is  introdnced  in  one  of  the  discharges,  reducing 
it  to  0*00087  ampere,  then  the  discharge  of  the  A  battery  goes  from  P 
to  N,  and  that  of  the  B  battery  from  P'  to  N'.  There  is  a  bending 
down,  however,  of  the  strata  of  the  weaker  discharge  at  the  cross 
junction,  in  consequence  of  the  action  of  the  stronger  one. 
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The  authors  remark  that  one  cannot  but  be  impressed,  from  th& 
experiments  described  in  the  paper,  and  others  in  their  former  papers,. 
by  the  apparent  plasticity  of  the  aggregate  assemblage  of  molecules 
constituting  a  stratum  which  yields  to  external  influences  that 
modify  its  form. 

The  authors  describe  and  figure  a  case  of  complex  strata  in  the  form 
of  an  outer  bracket  convex  towards  the  negative  (fig.  9),  and  close  to  it 

Fig.  9. 


an  inner  chord;  also  discharges  in  various  gases  in  tubes  of  large^ 
dimensions,  37  inches  (94  centims.)  long  and  5^  inches  (14*8 
centims.)  diameter.  In  these  the  stratification,  which  is  compara- 
tively narrow  at  the  terminals,  extends  in  a  conical  form  from  the 
temdnals  to  the  full  diameter  of  the  tube. 

They  have  found  that  the  dark  space  in  the  discharge  in  vacuum 
tubes  is  only  relatively  actinically  dark  in  comparison  with  a  stratum,. 
and  they  succeeded  in  obtaining  a  photograph  of  the  dark  space  in 
thirty-five  minutes  as  strong  as  that  from  a  stratum  in  two  and  a-half 
seconds ;  consequently  they  conclude  that  the  dark  space  is  840  times 
less  actinically  bright  than  a  stratum. 

The  authors  next  describe  a  number  of  experiments,  by  means  of  a 
Thomson-Becker  electrometer  used  on  a  method,  to  avoid  leakage, 
proposed  to  them  by  Professor  Stokes,  to  ascertain  the  difterence  of 
potential  in  different  parts  of  a  vacuum  tube  having  a  number  of 
rings  sealed  within  it,  also  in  other  tubes  of  special  construction^ 
These  bring  out  instructive  information  in  reference,  not  only  to  the 
relative  resistances  of  different  lengths  of  a  column  of  gas  at  various 
pressures,   but  also  forcibly  to  the  impediment  presented  by  the 
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terminals  tbemselyes  to  the  passage  of  a  discharge  from  gas  to 
terminal  and  terminal  to  gas. 

It  is  shown  that,  at  moderate  exhausts,  the  resistance  to  the  passage 
of  the  discharge  is  uniform  along  the  length  of  the  colamn  of  gas, 
and  that  at  high,  exhausts  it  is  not  so,  and  that  the  total  resistance 
increases  but  slightly  with  an  additional  length  of  the  column ;  more- 
over, that,  at  these  low  pressures,  the  main  impediment  is  in  the 
passage  of  electricity  between  gas  and  terminal  or  terminal  and  gas ; 
this  is  much  greater  at  the  negative  than  at  the  positive  terminal. 

The  authors  have  next  studied  the  electrical  condition  of  a  gas  in 
the  immediate  vicinity  of  the  negative  terminal.  In  order  to  do  this 
ihey  constmcted  a  tube  4^  inches  (11*4  centims.)  long  and  1}  inches 
(4*8  centims.)  diameter.  One  terminal  is  in  the  form  of  a  point,  the 
other  in  the  form  of  a  ring.  The  positive  pole  of  the  battery  was  con- 
nected with  the  point  and  the  negative  either  to  the  ring  alone  or  to 
earth  as  well ;  the  ring  terminal  of  the  tube  was,  when  the  battery 
was  insulated,  connected  with  earth  either  by  means  of  a  stout  wire 
or  3  feet  (91*4  centims.)  of  fine  platinum  wire,  0*002  inch  (0*005 
centim.)  diameter,  and  offering  a  resistance  of  81  ohms,  or  a  moistened 
cork  offering  a  resistance  of  4,300,000  ohms.  In  the  tube  were  sealed 
three  idle  wires,  1,  2,  3,  covered  with  the  exception  of  their  extremi- 
iies  with  fine  glass  tubing  (fig.  10).     No.  1  idle  wire  is  0*002  inch 


(0005  centim.) ;  No.  2  0*2  inch  (0*5  centim.) ;  and  No.  3  0*6. indi 
^1*5  centims.)  from  the  ring.  The  ring  terminal,  when  connected 
to  earth,  was  found  to  be  always  at  zero  potential ;  notwithstanding 
this  there  was  frequently  observed,  more  especially  as  the  exhaust 
was  increased,  a  negative  potential  when  the  idle  wires  were  con* 
nected  successively  with  the  electrometer,  amounting  in  one  case  with 
an  air  charge,  pressure  0*01  millim.,  at  wire  No.  2,  to  1,068  cells,  at 
wires  1  and  3  to  912  cells.  At  other  times  a  plus  potential  was 
observed.  Many  experiments  were  made  to  determine  the  precise 
conditions  which  developed  a  negative  potential  or  a  positive  potential, 
'but  nnsaccessfnlly,  and  it  was  inferred  that  this  depended  on  the 
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•condition  of  the  discliarge  itself  within  the  tube.  It  is  certainly  very 
remarkable  that  while  the  potential  of  the  negative  ring  was  abso- 
lutely zero,  a  high  negative  potential  should  be  developed  in  its  near 
vicinity. 

The  authors  remark  that  everyone  familiar  with  the  appearance  of  a 
stratified  discharge  will  have  noticed  when  the  negative  terminal  is  a 
ling,  that  as  the  exhaust  proceeds  a  spindle  of  light  approaches,  and 
at  last  protrudes  through  the  interior  of  it  (fig.  11,  1,  2,  3,  4,  5) ; 
this  spindle  they  regard  as  a  visible  exponent  of  strong  action  among 
the  molecules  of  gas  composing  it.  In  order  to  probe  its  electrical  con- 
dition, they  prepared  a  tube  with  a  central  idle  wire,  surrounded  by  a 
minute  glass  tube,  except  its  extremity,  and  projecting  to  a  distance 
of  §  inch  (0*95  centim.)  from  the  plane  of  the  ring,  which  was  made 
negative.  Another  idle  wire  was  sealed  in  the  tube  0*15  inch  (0'38 
«entim.),  from  the  periphery  of  the  ring.     As  the  exhaust  proceeded 

Fio.  11. 


-with  a  charge  of  carbonic  anhydride,  the  spindle  approached  the 
ring,  and  ultimately  protruded  through  it.  It  was  found  that  the 
potential  of  the  central  idle  wire  increased  with  the  exhaust,  until 
it  nearly  or  quite  equalled  that  of  the  whole  tube;  while  that  of 
the  external  idle  wire  was  only  0*054  that  of  the  tube. 

A  great  number  of  experiments  were  made  to  test  the  potential 
Across  a  stratum  a,  h,  and  across  a  dark  space  c,  cZ,  respectively,  by 

Digitized  by  CjOO^IC 


300    Electric  Discharge  with  Chloride  of  Silver  Battery,     [June  14^ 

two  idle  wires  sealed  in  suitable  positions  in  a  tube,  one  of  which  wa» 
connected  with  earth,  the  other  with  the  electrometer  (fig.  11,  6). 
The  gases  used  were  carbonic  anhydride  and  hydrogen  respectiyelj. 
As  a  mean  of  a  great  nnmber  of  experiments  it  was  found  that  when 
a  dark  space  was  straddled,  the  potential  being  reckoned  1,  then  when 
a  stratum  was  straddled,  the  potential  was  1*243, 1*229. 

On  testing  two  idle  wires  distant  f  inch  (1*6  centims.)  apart  with  a 
Thomson  g^vanometer,  the  current  in  this  fractional  part  of  a  tube 
was  found  to  go  frequently  in  the  reverse  direction  to  that  of  the  main 
current,  and  when  the  galvanometer  was  connected  to  two  idle  wires 
diametrically  opposite,  currents  were  indicated  sometimes  in  one  direc* 
tioD,  sometimes  in  another  across  the  tube  (fig.  12).     These  experi- 


ments seem  to  indicate  that  there  are  eddies  in  the  gas  durmg  a 
discharge,  as  if  the  motion  of  the  molecules  conveying  an  electric 
discharge  was  of  an  epicycloidal  character.  The  authors  conclude 
by  saying  that  it  is  possible  that  the  eddies  may  be  connected  with 
the  production  of  strata. 
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June  21, 1883. 

THE  TREASURER  iu  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

Professor  George  Francis  Fitzgerald,  Dr.  Walter  Flight,  Mr.  Jolin 
Newport  Langlej,  and  Mr.  John  Venn  were  admitted  into  the  Society. 

The  following  Papers  were  read : — 

I.  "On  Line  Spectra  of  Boron  and  Silicon."  By  W.  N. 
Hartley,  F.R.S.E.,  &c.,  Rojal  College  of  Science,  Dublin. 
Communicated  by  Professor  Stokes,  Sec.  R.S.  Received 
May  28,  1883. 

In  the  course  of  an  extended  examination  of  all  varieties  of  saline 
solutions  by  means  of  the  spark  and  a  photographic  camera,  I  have 
observed  two  spectra  of  much  interest.  I  detach  my  notes  from  the 
paper  in  which  they  are  embodied  in  order  to  give  them  an  earlier 
pablication. 

Boron, — In  order  to  ascertain  whether  sodium  borate  would  yield 
any  spectrum  beyond  that  dae  to  sodium,  a  strong  solution  of  borax 
was  first  examined  and  subsequently  a  saturated  solution  of  boracic 
acid.  The  graphite  electrode  with  which  the  solution  was  submitted 
to  the  action  of  the  spark,  was  opposed  to  a  pole  of  a  tin-cadmium 
alloy,  in  order  that  the  wave-lengths  of  any  lines  that  might  appear 
could  be  determined  by  reference  to  those  of  tin  and  cadmium.  It  in 
a  remarkable  fact  that  when  a  saturated  solution  of  borax  is  used,  the 
sodium  lines  are  not  visible,  while  there  appear  thr^e  strong  sharp 
lines,  which  as  they  are  likewise  yielded  by  boracic  acid  must  be  con- 
sidered as  characteristic  of  boron. 

The  Spectrum  of  Boron. 
Scale  numbers.  Wave-lengtha. 

96  18        3450  -3 

269-20        2497  -0 

269-48        2496-2 

Silicon. — A  strong  solution  of  sodium  silicate  was  in  like  manner 
submitted  to  the  action  of  the  spark.  There  was  only  a  feeble 
indication   of  the  strongest  sodium   line    (X=3301),   but  a  strong 
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spectrum  was  obtained  consisting  of  a  beantif  al  group  of  lines  with 
three  isolated  rays.  These  lines  are  attributed  to  silicon,  because  they 
are  rendered  equally  well  by  sodium  silicate,  sodium  fluosilicate,  and 
by  hydrofluosilicic  acid,  the  electrodes  being  either  of  gold  or  of  carbon. 
The  strength  of  the  lines  is. proportional  to  the  strength  of  the  hydro- 
fluosilicic acid  solution  examined.  The  fiducial  lines  of  the  tin- 
cadmium  alloy  and  some  of  the  air  lines  were  employed  as  before  in 
obtaining  measurements  from  which  the  wave-lengths  of  the  silicon 
lines  were  calculated  by  means  of  an  interpolation  curve.  Below  ace 
given  the  wave-lengths  of  the  silicon  lines,  together  with  their  scale 
numbers  referring  to  their  position  on  the  prism  spectrum.  The 
scale  numbers  are  comparable  with  those  given  in  a  paper  recently 
submitted  to  the  Royal  Society,  and  are  also  applicable  to  my  photo- 
graphs of  spectra  in  the  "Journal  of  the  Chemical  Society,"  vol.  41, 
p.  90.  They  represent  hundredths  of  an  inch  and  fractions  thereof, 
reckoned  from  a  strong  air  line  with  wave-length  4f628*9,  which  .is 
numbered  10.  ("Measurements  of  the  Wave-lengths  of  Lines  of 
High  Befr{|,ngibility  in  the  Spectra  of  Elementary  Substances": 
Hartley  and  Adeney.) 

The  Spectrum  of  Silicon. 

Scale  numbers.  Waye-lengtlis. 

178-98  . . . : 2881  -0 

233-17  2631-4 

25G-78  2541-0 

260-36  2528  -1 

261-65  ..: 2623-5 

'263-07  2518  -5 

263-98  2515-5 

264-44  2513  '7 

266-54  2506  '3 

288-00  2435  -5 

These  arc  the  first  spectra  of  boron  and  silicon  obtained  ixom 
metallic  salts. 

In  Messrs.  Liveing  and  Dewar*s  map  of  the  carbon  spectrom 
(**  Proc.  Roy.  Soc,"  vol.  33,  p.  403),  I  have  observed  a  group  of 
lines  not  seen  in  the  spectrum  of  graphite  obtained  by  me  (*' Jonrnal 
of  the  Chemical  Society,"  vol.  41,  p.  90),  which  might  be  aooonnted 
for  by  a  difference  in  strength  of  the  spark  employed.  This 
group,  however,  resembles  in  a  striking  manner  the  seven  lines 
in  the  spectrum  of  silicon.  (See  the  map  of  the  silicon  spectmm.) 
Their  wave-lengths  are  the  following— 2541*0,  2528-2,  2523*6,  2618-7, 
2515-8,  2514-0,  2506-3.  It  will  be  seen  by  comparison  that  these  lines 
approximate  so  closely  to  those  of  silicon  that  the  numbers  are  wdl 
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^thin  the  experimental  errors  of  measurement  of  identical  lines. 
Professors  Liveing  and  Dewar  took  the  lines  which  thej  mapped  from 
sparks  passed  *' between  poles  of  purified  graphite  in  air,  carbonic 
ttcid  gas,  hydrogen,  and  coal-gas.  The  same  lines  have  been  observed 
in  photographs  of  the  spark  between  iron,  and  between  alomininm 
poles  in  carbonic  acid  gas."  "  The  graphite  was  purified  by  being 
stirred  in  fine  powder  into  fused  potash,  and  subsequent  treatment 
with  aqua  regia,  by  prolonged  ignition  in  a  current  of  chlorine,  and 
by  treatment  with  hydroflaoric  acid.**  **  Notwithstanding  the  purifi- 
cation the  photographs  of  the  spark  between  these  electrodes  still 
showed  very  distinctly  the  lines  of  magnesium  and  iron." 

From  these  quotaidons  it  will  be  seen  with  what  great  care  the 
preparations  for  these  observations  on  the  carbon  spectrum  were 
made.  If  the  poles  employed  had  been  those  of  graphite  only,  I 
should  have  had  little  hesitation  in  attributing  the  seven  lines  to  the 
silicon  spectrum,  but  they  were  replaced  by  iron  and  by  alnminium. 
Bven  the  purest  iron  wire  contains  small  traces  of  silicon,  and 
aluminium  of  the  usual  commercial  quality  certainly  contains  a  con* 
siderable  quantity.  There  is,  therefore,  a  suspicion  that  the  carbon 
spectrum  was  contaminated  by  silicon,  for  a  series  of  seven  consecutive 
lines  BO  nearly  coincident  with  those  in  the  spectrum  of  another 
element  of  the  same  class  would  be  very  remarkable. 


II.  "  On  the  Steady  Motion  of  a  Hollow  Vortex."  By  W.  M. 
HiGES,  M.A.,  Fellow  of  St.  John's  College,  Cambridge. 
Commimicated  by  J.  W.  L.  Glaisher,  M.A.,  F.E.S.  Re- 
ceived May  31, 1883. 

(Abstract.) 

The  investigation  to  which  this  refers  forms  a  continuation  of  some 
researches  commenced  about  three  years  ago,  but  which  the  anther 
was  compelled  by  other  engagements  to  lay  aside.  The  general 
theory  of  the  functions  employed  was  published  in  the  "  Transactions 
of  the  Royal  Society"  (Part  III,  1881),  under  the  title  of  "Toroidal 
Functions."  These  and  analogous  functions  are  employed  in  the 
present  communication. 

The  interest  of  investigations  of  the  properties  of  small  vortices 
depends  on  their  connexion  with  the  vortex  atom  theory  of  Sir  W. 
Thomson,  and  it  was  this  and  the  further  connexion  with  a  gravitation 
theory  which  induced  me  originally  to  undertake  the  investigation. 
So  far  as  I  am  aware,  very  little  has  been  done  towards  a  quantitative 
theory  of  vortices  beyond  the  paper  "  On  the  Vibrations  of  a  Vortex 
Bang  "  by  Mr.  J.  J.  Thomson,  published  in  the  '*  Transactions  "  of  this 
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Societj  (Part  II,  1882),  and  in  whicli  is  considered  the  vibrations  in 
the  form  of  the  axis  of  a  solid  core,  and  the  action  of  two  vortices  on 
one  another.  In  the  present  commnnication  I  have  confined  myself  to 
the  case  of  a  single  hollow  vortex  in  an  infinite  fluid,  and  to  vibrations 
symmetrical  about  the  straight  axis.  The  reason  why  I  have  chosen 
to  begin  with  the  hollow  vortex  is  given  below. 

The  vortex-atom  theory,  as  presented  by  Sir  W.  Thomson,  has 
always  seemed  to  me  to  labour  under  two  difficulties.  It  does  not 
explain  the  gravitation  of  the  atoms,  nor  does  it  afford,  so  far  as  one 
can  see,  any  means  of  explaining  the  different  densities  of  the  various 
elements.  When  the  exceedingly  small  density  of  the  ether  com- 
pared with  what  we  call  ordinary  'matter  is  considered,  it  is  clear  that 
the  supposition  that  matter  is  composed  of  vortices  of  the  same 
density  as  the  ether  is  surrounded  with  great  difficulties,  and  we  are 
driven  to  the  conclusion  that,  if  a  vortex-ring  theory  be  the  true  one, 
the  cores  of  the  vortices  must  be  formed  of  a  denser  material  than 
the  surrounding  ether,  and  that  probably  this  core  has  rotational 
motion.  The  theory  of  gravitation  propounded  by  me  in  the  "  Pro- 
ceedings of  the  Cambridge  Philosophical  Society  "*  only  necessitates 
that  the  circulation  or  cyclic  constants  of  the  vortex-atoms  shall 
exceed  a  certain  amount  which  depends  directly  on  the  mean  pressure 
and  density  of  the  ether.  It  needs,  therefore,  no  additional  hypo- 
thesis to  the  theory  of  Sir  W.  Thomson,  but  flows  naturally  from  it. 
This  is  not  the  case  with  the  explanation  of  difference  of  density  here 
offered,  as  the  simplicity  of  the  theory  is  to  some  extent  lost  by 
having  two  elementary  matters  in  the  place  of  one. 

With  these  views  on  the  probable  constitution  of  matter  I  have 
attempted  the  problem  of  determining  mathematically  the  properties 
of  a  hollow  vortex  in  an  incompressible  fluid,  lined  with  an  interior 
layer  of  a  different  density  from  the  surrounding  fluid.  When  the 
density  is  the  same  as  the  surrounding  fluid,  and  the  interior  hollow 
vanishes,  we  have  the  vortex-ring  of  the  ordinary  theory  as  a  parti- 
cular case.  An  extreme  case  in  the  opposite  direction  is  when  there 
is  no  internal  layer  and  no  rotational  motion  in  the  fluid  at  all; 
merely  the  cyclic  motion  about  a  ring-shaped  hollow.  This  is  the 
case  considered  in  the  present  communication. 

If  we  can  argue  from  the  case  of  two  spheres,  two  vortices  making 
forced  pulsations  of  the  same  period  will  attract  one  another  with  a 
mean  force  whose  principal  part  depends  on  the  inverse  square  of  the 
distance,  when  they  are  in  the  same  phase,  and  repel  one  another 
according  to  the  same  law  when  in  opposite  phases.  When  the 
periods  are  not  the  same  they  will  alternately  repel  and  attract,  and 
the  mean  effect,  so  far  as  the  forces  depend  on  the  inverse  squai*e,  will 

•  "  On  the  Problem  of  Two  Pulsating  Spheres  in  a  Fluid,"  "  Proc.  Camb.  Phil. 
Soc.,"  Tols.  iii  and  iv. 

VOL.  XXXV.  X 

Digitized  by  VjOOQIC 


306  Mr.  W.  M.  Hicks.  [June  21, 

yanisli.  If  the  pulsations  of  two  atoms  have  natural  periods,  different 
or  not,  but  modified  by  the  action  of  each  other,  then  there  will  be  a 
residnary  effect  also  inversely  as  the  square  of  the  distance,  bat 
whether  attractive  or  repulsive  remains  to  be  seen.  It  is  possible  that 
gravitation  may  be  due  to  such  a  residuary  action.  The  force 
depends  on  the  time  of  pulsation  and  the  amplitude.  For  a  hollow 
vortex  without  core  the  time  for  the  same  atoms  depends  on  the 
square  root  of  the  logarithm  of  the  ratio  of  the  radius  of  the  section 
to  the  radius  of  the  aperture,  and  would  therefore  vary  slowly  with 
alterations  of  energy.  This,  therefore,  is  an  objection  to  the  theory 
that  gravitation  depends  directly  on  the  actual  pulsation  rather  than 
on  the  residuaiy  effect  mentioned  above.  The  amplitude  would 
naturally  vary  with  the  energy,  and  this  would  make  the  attraction 
between  two  masses  alter  with  the  temperature.  On  this  point  no 
experiments  have  been  made,  and  the  only  apparent  argument  against 
it  that  I  can  think  of  are  Kepler's  laws  for  the  motion  of  the  planets. 
If  this  theory  were  true  the  squares  of  the  periodic  times  would  not 
vary  simply  as  the  cubes  of  the  mean  distances,  but  also  as  a  quantity 
depending  on  the  mean  temperature  of  each  planet.  But  this  is  no 
decisive  argument  against  it,  as  those  distances  are  not  themselves 
accurately  known;  are,  in  fact,  determined  by  this  law  from  the 
earth's  distance  from  the  sun,  determined  by  other  methods. 

The  vortex-atom  theory  has  its  most  interesting  connexions  with 
the  explanation  of  the  spectral  lines  of  the  elements.  These  Hnes,  $o 
far  as  they  depend  on  the  vibrations  of  single  atoms,  might  arise  from 
several  different  kinds  of  vibrations  of  the  form  of  the  ring.  Thus, 
the  hollow  ring  can  have^ — 

(1.)  Beformations  of  the  circular  axis: — these  must,  as  has  been 
shown  by  Sir  W.  Thomson,*  be  sach  that  the  axis  at  any  time  is 
deformed  into  a  helix  wound  on  the  surface  of  a  tore,  or  the  ring  is 
twisted.  This  mode  of  vibration  for  a  solid  core  of  the  same  density 
as  the  surrounding  fluid  has  been  investigated  by  Mr.  J.  J.  Thomson 
in  the  memoir  referred  to  above.' 

(2.)  Waves  running  round  the  surface  of  the  ring,  so  that  any  cross- 
section  is  crimped  into  small  elevations  and  depressions,  and  the  ring 
itself  18  fluted. 

(3.)  Vibrations  of  the  aperture.     This  is  really  a  case  of  (2). 

(4.)  Pulsations  of  the  hollow,  whereby  the  volume  of  the  hollow  is 
periodically  altered. 

(5.)  Swellings  of  the  ring,  travelling  in  one  direction  or  the  other 
round  the  ring,  so  that  the  ring  seems  to  be  beaded. 

Cases  (2)  and  (4),  when  the  ring  is  moving  steadily,  are  discussed 
in  this  paper. 

It  would  be  venturesome  to  draw  conclusions  in  the  present  state 
•  "  Vortex  Statics,"  "  Proc.  Boy.  Soc.  Edin.,"  ix. 
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•of  onr  knowledge  respecting  the  properties  of  tliese  atoms,  or  attempt 
-to  find  analogies  even  with  the  ordinary  kinetic  theory  of  gafies.  For 
instance,  the  vortex-atoms  are  polar,  and  therefore  do  not  hehave 
towards  one  another  indifferently  for  all  modes  of  approach.  Clearly, 
talso,  the  temperature  of  a  gas  composed  of  vortex-atoms  could  not 
depend  on  the  translatory  velocity  of  mean  square,  but  would  depend 
in  some  way  on  the  mean  energy.  In  this  connexion  it  is  interesting 
to  notice  that  the  time  of  vibration  of  a  ring  in  class  (2),  when  at 
least  the  ring  is  moving  steadily,  is  independent  of  its  energy, 
depends  in  fact  only  on  the  constants  of  the  ring,  the  fluid,  and  the 
inverse  square  root  of  the  number  of  crimps  in  a  cross-section.  If 
relations  are  to  be  sought  between  spectral  lines  they  would  arise 
from  classes  1,  2,  5.  But  from  Mr.  Thomson's  investigations  it  would 
-appear  that  in  the  case  of  a  solid  tore,  the  time  of  vibration  in 
-class  (1)  would  depend  on  the  temperature. 

Section  I  of  the  paper  is  devoted  to  a  consideration  of  the  functions 
•employed  in  the  investigation.  In  Section  II  is  considered  the  motion 
•of  a  rigid  tore  in  fluid  moving  parallel  to  its  straight  axis.  In 
Section  III,  the  problem  of  the  steady  motion  of  a  hollow  vortex  is 
taken  up,  together  with  the  small  vibrations  of  classes  (2)  and  (4) 
above.  It  will  be  sufficient  to  give  here  a  short  abstract  of  the 
results  arrived  at  in  Section  III.  The  cross-section  of  a  ring  is 
throughout  considered  as  small  compared  with  the  aperture,  and  the 
expressions  giving  the  form  of  the  hollow  and  the  velocity  of  trans- 
lation are  carried  to  a  second  approximation,  the  quantity  by  which 
the  approximation  proceeds  being  the  ratio  r/{R-f -v/CR^— r2)}=A;, 
where  r,  B— r,  are  the  radii  of  the  mean  cross-section  and  aperture 
Te8X)ectively ;  when  the  ring  is  small  this  is  very  approximately 
r/2B.  The  condition  that  the  hollow  must  be  a  free  surface, 
gives  a  relation  which  the  volume  of  the  hollow  must  satisfy,  which 
for  Tery  small  rings  reduces  to  the  constancy  of  the  radius  of  the 
hollow.  For  a  solid  ring  the  corresponding  condition  is,  of  course, 
the  constancy  of  volume.  This  makes  an  essential  difference  between 
the  two  theories. 

To  a  second  approximation  the  velocity  of  translation  is  unaltered 
4fcnd  is  given  by 


^-tL{'<-'} 


whilst  to  the  second  approximation  the  surface  velocity,  relative  to 
the  hollow  itself,  is 


""^('^i^) 


where  a  is  the  radius  of  the  '*  critical "  circle — or  the  length  of  a 
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tangent  from  the  centre  to  the  ring,  and  is  therefore  equal  to  R  for 
small  rings — and  yti  is  the  cyclic  constant.  For  a  solid  ring,  with  the 
same  notation, 


V=J!i-(log^-2\ 


In  the  steady  motion  considered,  the  fluid  carried  forward  with  the 
ring  forms  a  single  mass  without  aperture,  even  for  extremely  small 
cores,  though  not  for  infinitely  small  ones.  For  values  of  R/r>10* 
there  will  be  no  aperture,  whilst  for  less  values  the  fluid  carried  for- 
ward will  be  ring-shaped.  To  a  first  approximation  the  enei^  due 
to  the  cyclic  motion  is  the  most  important,  and  is  the  same  as  for  a 
rigid  ring  at  rest  of  the  same  size,  it  does  not  depend  on  the  velocity 
of  translation,  except  in  so  far  as  this  determines  the  size  of  the 
aperture ;  as  entering  in  this  way  the  principal  term  varies  inversely 
as  the  velocity  of  translation,  and  thus  increases  with  diminished 
translatorjr  motion,  a  result  obtained  by  Sir  W.  Thomson*  from 
general  reasoning.  The  terms  obtained  by  the  second  approximation 
arise  from  the  translatory  motion. 

Lastly,  the  times  of  vibration  in  classes  (2)  and  (4)  above  are 
determined,  when  the  ring  moves  steadily.  In  class  (2),  or  for  fluted 
vibrations,  the  time  of  vibration  for  small  rings  is  given  very 
approximately  by  fidl(2p^n)f  d  being  the  density,  and  j9  the  pressure 
of  the  fluid  at  a  great  distance,  whilst  n  is  the  number  of  crimpings 
in  a  section.  This  is  the  proof  of  the  statement  made  above  as  to 
the  independence  of  the  temperature.  In  class  (4)  the  time  of  pul- 
sation is  0^/2p)  x/ (log  4/k) .  As  k  depends  on  the  size  of  the  ring, 
and  therefore  on  the  energy,  this  time  is  not  independent  of  the 
latter,  but  varies  slowly  with  it.  The  times  here  given  must  be 
understood  as  applying  to  rings  moving  steadily  ;  when  a  ring  is 
changing  its  size  they  must  be  modified.  The  investigation  of  this 
case,  and  of  that  in  which  there  is  a  core  of  denser  matter  than  the 
surrounding  fluid,  I  hope  shortly  to  take  up. 


III.  "  Influence  of  Pressure  on  the  Temperature  of  Volatilization 
of  Solids."  By  William  Ramsay,  Ph.D.,  and  Sydney 
Young,  B.Sc.  Communicated  by  Sir  Andrew  Ramsay, 
LL.D.,  F.R.S.     Received  June  5,  1883. 

(Abstract.) 

The  experiments  described  in  the  paper  were  undertaken  in  order 
to  ascertain  whether  solids  have  definite  volatilizing  points,  under 
•  "Vortex  AtomB,"  "Proc.  Roy.Soc.  Edin.,**  vij  "Phil.  Mag.,"  (4),  84. 
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different  pressures,  as  liquids  have  definite  boiling  points,  and  whether 
these  pressures  are  identical  with  their  vapoor  tensions. 

When  a  liquid  is  heated  by  conduction,  as  for  example  when  a 
flame  is  placed  below  a  ressel  containing  liquid,  till  the  temperature 
rises  to  its  boiling  point,  either  ebullition  or  superheating  takes  place. 
It  woald  thus  seem  that,  in  the  case  of  superheating,  the  surface  of  the 
liquid  is  not  large  enough  to  afford  escape  for  the  gaseous  molecules 
liberated ;  or  the  convection  currents  are  not  rapid  enough  to  conyey 
the  superheated  liquid  from  the  lower  strata  to  the  surface.  If  the 
surface  is  superheated,  the  first  reason  would  seem  to  be  correct ;  if 
the  surface,  on  the  other  hand,  is  at  its  normal  temperature,  the  second 
explanation  is  applicable.  When  ebnllition  takes  place,  the  liquid 
increases  its  surface  by  the  formation  of  bubbles,  and  as  heat  is  totally 
abeerbed  in  producing  evaporation,  the  temperature  of  the  liquid 
remains  constant.  If  the  supply  of  heat  is  increased,  evaporation  is 
also  more  rapid,  and  facility  is  given  to  more  rapid  evaporation,  by  the 
formation  of  more  numerous  and  larger  bubbles,  which  increase  the 
evaporating  surface. 

A  solid  has  a  limited  surface,  which  cannot  be  increased  by  forma- 
tion of  bubbles ;  and  it  might  therefore  be  expected  that  on  increasing 
the  supply  of  heat,  the  temperature  of  the  solid  should  rise,  until  a 
temperature  is  reached  at  which  its  rate  of  evaporation  is  equivalent 
to  the  rate  at  which  heat  is  communicated  to  it.  Reasoning  thus,  the 
existence  of  hot  ice  was  maintained  by  Dr.  Gamelley  and  other  writers 
in  a  series  of  letters  which  appeared  in  '^  Nature  **  during  the  years 
1881  and  1882. 

On  the  other  hand,  a  liquid  in  the  spheroidal  state  presents  a  free 
surface  of  evaporation  in  every  direction,  and  yet  although  exposed  to 
radiation  from  a  white-hot  surfetce,  its  temperature  does  not  rise  even 
to  the  boiling  point ;  and  we  find  it  impossible  to  raise  the  temperature 
of  water  above  90°,  by  applying  heat  to  its  surface.  In  such  cases 
the  surface  appears  to  be  large  enough  to  allow  vapour  to  escape 
with  sufficient  rapidity  to  prevent  superheating. 

If,  then,  the  rate  of  evaporation  at  the  surface  of  a  solid  is  indepen- 
dent of  the  extent  of  that  surface,  but  is  influenced  only  by  the  rate 
at  which  heat  is  communicated  to  it,  and,  as  in  the  case  of  liquids,  by 
the  pressure  to  which  it  is  exposed,  it  follows  that  solids  have  definite 
temperatures  of  evaporation,  or  subliming  points,  corresponding  to 
definite  pressures,  as  liquids  have  definite  boiling  points. 

Our  experiments  with  water,  acetic  acid,  benzene,  naphthalene,  and 
camphor,  show  that  this  is  the  case ;  and  that  with  ice  and  camphor 
these  pressures  are  sensibly  the  same  as  the  maximum  tensions  of  the 
Tapours  of  these  solids  at  corresponding  temperatures.  In  the  case  of 
ice,  the  maximam  temperature  which  can  be  attained  under  any  given 
pressure  is  indicated  by  James  Thomson's  ice-steam  line. 
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That  the  temperatares  observed  cannot  be  absolatelj  the  same  is- 
evident ;  for  there  most  be  a  certain  excess  of  pressure  in  the  neigh* 
bonrhood  of  the  surface  of  the  solid  in  order  to  produce  a  flow  of 
vapour  from  it  to  the  surrounding  space;  and  consequentlj  th& 
evaporating  substance  must  have  a  higher  temperature  corresponding^ 
to  this  higher  pressure.  Our  results,  we  venture  to  think,  show  that 
with  solids,  as  with  liquids,  this  difference,  even  when  rapid  evaporation 
is  taking  place,  is  an  extremely  minute  one« 


IV.  "Note  on  the  Establishment  and  First  Results  of  Simul- 
taneous Thennometric  €«id  Hygrometric  Observations  at 
Heights  of  4  and  170  feet,  and  of  Siemens'  Electrical  Ther*^ 
mometer  at  260  feet  above  the  ground."  By  G.  J.  Stmons, 
F.R.S.    Received  June  6,  1883. 

It  is  just  a  century  since  James  Six  (the  inventor  of  the  well* 
known  Six's  registering  thermometer)  commenced  some  occasional 
comparisons  of  the  temperature  of  the  air  at  the  top  and  bottonx 
of  the  tower  of  Canterbury  Cathedral.  We  do  not  precisely  know 
the  position  in  which  the  instruments  were  placed,  and,  as  ther- 
mometer screens  had  not  then  been  invented,  his  observations  can 
only  be  accepted  as  approximately  correct ;  but  as  the  work  in  which 
they  are  recorded  is  rather  scarce,  it  may  be  well  to  give  an  analysis- 
of  the  results.  The  observations  were  not  consecutive,  but  made  at 
various  dates  during  1784-92;  the  lower  thermometer  was  5  feet, 
and  the  upper  one  220  feet  above  the  ground.  The  daily  wklt^wh^ 
were  about  V  warmer  at  the  top  during  all  frosty  period ;  alike  at  the 
top  and  the  bottom  when  the  temperature  was  between  40^  and 
50^,  and  lower  at  the  top  by  from  3°  to  5^  when  the  temperature 
was  about  50^.  The  minima  gave  analogous  but  more  marked 
differences.  Some  very  severe  frosts  occurred  while  these  experiments- 
were  in  progress,  and  with  bottom  temperatures  of  —2^*5,  +6^, 
and  4- 6**  5  respectively,  the  top  temperatures  were  15**,  17°,  and  21**^ 
showing  an  excess  at  the  top  of  17°*5,  11°,  and  14°'5.  In  ordinaiy 
weather  the  excess  of  the  top  minima  was  not  so  great,  but  the 
average  excess  was  6%  and  there  was  not  a  single  night  when  it  was 
colder  at  the  top  than  at  the  bottom. 

The  author  is  not  aware  of  any  further  experiments  having  been 
made  upon  this  subject  in  this  country  until  1861,  when  the  Bev. 
B.  Main,  F.B.S.,  Badcliffe  Observer,  had  a  record  commenced  of  a 
Six's  registering  thermometer,  and  dry  and  wet  bulb  thermometers 
placed  near  the  anemometer  on  the  Badcliffe  Observatory,  Ox&^rd.. 
These  instruments  were  105  feet  above  the  ground,  and  were  read 
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about  9  LM.  in  conjunction  with  other  thermometers  at  5  feet  above 
the  ground.  The  readings  of  these  instruments  have  since  that  time 
been  published  in  extemo^  but  the  author  has  seen  no  discussion  of 
them,  and  is  not  aware  whether  the  thermometers  have  been  verified 
or  not,  nor  how  they  are  mounted. 

In  1868  Mr.  James  Glaisher,  F.B.S.,  instituted  a  series  of  readings 
of  the  drj  and  wet  bulb  thermometers  at  the  Royal  Observatory, 
Greenwich,  at  the  respective  heights  of  4  feet,  22  feet,  and  50  feet 
above  the  ground.  The  observations  which  are  published  in  extenso 
in  the  **  Proceedings  of  the  Meteorological  Society,"  vol*  v,  p.  29, 
extend  only  from  June  25  to  August  6— a  period  of  six  weeks  during 
the  hottest  part  of  the  year.  The  results  show  that  during  the  day 
hours  the  temperature  at  4  feet  was  at  times  7°  and  8^  higher,  and  at 
night  3%  4^,  and  5^  lower  than  at  50  feet  above  the  ground* 

The  subject  was  mentioned  at  the  Meteorological  Conference  at 
Leipzig  in  1872,  and  both  Messrs.  Wild  and  Scott  undertook  to  have 
experiments  made,  with  the  following  results  : — 

In  1872-74  Professor  H.  Wild  carried  out  experiments  with 
thermometers  and  hygrometers  placed  at  the  heights  of  6  feet,  52  feet, 
and  86  feet  above  the  ground  on  a  scaffolding  at  the  Pulkowa 
Observatory.     ("  Repertorium  fiir  Meteorologie,''  vol.  v.) 

During  1873-75  readings  of  maximum  and  minimum,  and  dry  and 
wet  bulb  thermometers  were  made  on  behalf  of  the  Meteorological 
Office  at  the  Kew  Observatory,  10  feet,  and  on  the  ornamental  Pagoda 
in  ^e  Boyal  Cktrdens,  Kew,  at  the  respective  heights  of  22  feet, 
69  feet,  and  129  feet  above  the  ground.  Mr.  B.  H.  Scott,  F.R.S.,  in 
concluding  his  report  on  these  observations  ("Quarterly  Weather 
Report,*'  1876,  Appendix  3  ),  says :  '*  That  so  fiur  as  the  evidence 
adduced  in  this  paper  goes,  it  indicates  that,  on  the  average  of  a  con- 
siderable series  of  observations,  the  influence  of  height  on  mean 
thermometrical  and  hygrometrical  results  is  not  very  great,  but  that 
on  individual  occasions  very  material  differences  are  observed. 

Lastly^  Mr.  Ot.  Dines  has  recently  communicated  to  the  Meteoro- 
logical Society  ("  Quarterly  Journal,**  vol.  viii,  p.  189),  the  results 
of  observations  which  he  has  made  with  thermometers  placed  4  feet 
and  50  feet  above  the  ground  at  his  residence  at  Hersham,  Walton-on- 
Tbames.  These  observations,  which  extended  from  September,  1876, 
to  September,  1878,  inclusive,  show  that  on  the  average  the  mean 
daily  range  of  temperature  at  50  feet  was  2"*!  less  than  at  4  feet,  the 
mean  of  the  maxima  at  50  feet  being  1'''2  lower,  and  the  mean  of  the 
minima  0*^*9  higher  than  at  4  feet. 

It  will  be  seen  from  the  above  abstract  that,  up  to  the  end  of  1881, 
there  was  no  precise  information  as  to  the  form  of  the  curve  of  daily 
temperature  at  considerable  heights  above  the  ground.  It  was  known 
that  the  amplitude  of  the  daily  range  was  materially  reduced,  but  the 
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amount  of  the  reduction  was  unknown,  and,  owing  to  the  absence  of 
hourly  readings  at  night,  no  data  existed  for  determining  the  shape 
of  the  curve  during  the  night  and  early  morning  hours. 

The  Oouncil  of  the  Meteorological  Society  have  therefore  thought 
it  expedient  to  endeavour  to  obtain  accurate  and  complete  information 
upon  the  subject.  The  author  had  been  for  some  years  in  communi- 
cation with  Mr.  E.  0.  Hackford,  verger  of  the  parish  church  of 
Boston,  liincolnshire,  the  tower  of  which  rises,  quite  free  from  any 
obstructions,  in  a  very  flat  country,  to  the  considerable  height  of 
273  feet.  The  site  was  extremely  suitable,  and  Mr.  Hackford  was  a 
practised  observer;  he  having  consented  to  make  the  observations, 
arrangements  were  made  for  obtaining  instruments.  The  first 
essential  was  a  thermometer  which  could  be  read  without  climbing  to 
the  top  of  the  tower.  This  requirement  having  been  brought  to  the 
knowledge  of  Sir  W.  Siemens,  F.R.S.,  he  very  kindly  placed  at  the 
disposal  of  the  Council  one  of  his  electrical  thermometers. 

The  principle  of  these  instruments  was  fully  explained  by  Sir  W. 
Siemens  in  the  Bakerian  Lecture,  1871,  and  published  in  a  paper  *'  On 
the  Dependence  of  Electrical  Resistance  to  Temperature,"  printed  in 
vol.  iii  of  the  *'  Journal  of  the  Society  of  Telegraph  Engineers.*'  It 
is  therefore  merely  necessary  to  state  that  the  thermometer  consists  of 
a  spiral  of  insulated  wire  coiled  round  a  core  of  wood,  the  whole  being 
protected  by  a  brass  sheath.  The  resistance  of  the  wire  increasing 
with  increase  of  temperature  it  is  only  necessary  to  measure  the 
resistance  in  order  to  learn  the  temperature.  The  current  is  provided 
by  a  six-cell  Leclanch6  battery,  and  a  light  cable  carries  the  insulated 
wires  up  to  the  thermometer,  and  connects  it  with  a  galvanometer 
with  a  roller  contact.  The  position  of  the  contact  maker  when  the 
galvanometer  is  at  zero  depends  upon  the  resistance  in  the  thermo- 
meter, and  therefore  the  position  of  the  contact  maker,  as  shown  on  a 
graduated  scale,  gives  the  temperature. 

On  receipt  of  the  thermometer  from  Messrs.  Siemens  Brothers' 
works,  it  was  at  once  forwarded  to  Kew  Observatory  for  verification, 
and  the  report  was  that  it  worked  very  satisfactorily,  but  was 
somewhat  sluggish. 

'  The  consent  of  the  vicar  (Canon  Blenkin)  to  the  use  of  the  tower  of 
the  church  having  been  obtained,  the  Assistant  Secretary  of  the 
Meteorological  Society  (Mr.  W.  Marriott)  was  intrusted  with  all  the 
arrangements.  He  went  to  Boston  at  the  end  of  February,  1882,  and 
erected  the  following  instruments. 

(1.)  In  the  churchyard,  where  there  is  a  good  exposure,  a 
Stevenson  screen  containing  dry  bulb,  wet  bulb,  maximum  and 
minimum  thermometers,  all  at  4  feet  above  the  ground. 

(2.)  On  the  roof  of  the  belfry,  in  its  south-east  comer,  4  &et  above 
the  roof,  and  170  feet  above  the  ground,  a  precisely  similar  Stevenson 
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screen  with  similar  thermometers  to  those  at  4  feet.  From  this  point 
upwards  the  tower  is  quite  open,  besides  which  there  is  free  circulation 
of  the  air  through  the  large  open  windows  on  the  four  sides  of  the 
tower. 

(3.)  In  a  box  with  three  of  its  sides  louvre  boarded,  and  of  which 
the  height,  breadth,  and  depth  are  respectively  1  foot  5  inches, 
8^  inches,  and  5|  inches,  the  Siemens  electrical  thermometer  and  also 
a  standard  thermometer  for  occasional  check  readings.  The  box  or 
"  wall  screen "  faces  west-south-west,  is  attached  to  one  of  the 
northern  pinnacles  of  the  tower,  and  is  260  feet  above  the  ground. 
When  first  put  up  a  board  was  fastened  on  the  south  side  of  the 
screen  to  protect  it  from  the  sun's  rajs ;  as  this,  however,  hardly 
afforded  sufficient  protection,  an  outer  screen  was  placed  over  the  wall 
screen  in  September.  The  cable  has  been  brought  down  the 
inside  of  the  tower,  then  through  the  belfry,  and  so  to  the  base  of  the 
tower  inside  the  church,  where  the  galvanometer  is  fixed. 

The  accompanying  figure  shows  the  relative  situations  of  the  three 
sets  of  thermometers. 


A «- Siemens*  Thennometer. 
B^Steyenson's  Screen  on  Belfry. 
C^Sterenflon's  Screen  in  Church jard. 

All  the  thermometers  are  read  every  morning  at  9  o'clock ;  and 
simultaneous  readings  of  the  electrical  thermometer  at  the  summit  of 
the  tower  and  of  the  dry  bulb  thermometer  in  the  churchyard, 
together  with  the  direction  and  force  of  the  wind,  the  amount  of  cloud, 
weather,  &c.,  are  also  made  regularly  at  11  a.m.,  1,  3,  5,  7,  and  9  POf . 
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All  the  observations  have  been  made  hj  Mr.  Hackf ord  in  the  most 
careful  and  satisfactory  manner. 

Systematic  observations  commenced  with  April,  1882,  and  the 
whole  of  the  records  have  been  examined  by  Mr.  Marriott.  As  the 
series  is  still  in  operation,  and  some  classes  of  weather  have  not  yet 
occurred,  it  is  impossible  to  give  at  present  final  resnlts.  The 
leading  features  of  the  first  nine  months'  work  are,  however,  of  con- 
siderable interest,  and  may  be  thus  epitomized  :^ 

Table  I  gives  the  monthly  means  of  the  readings  of  the  maximum, 
minimum,  and  diy  bulb  thermometers  in  the  churchyard,  and  on  the 
roof  of  the  belfry,  at  9  a.m.,  from  April  to  December,  1882. 

From  this  it  will  be  seen  that  the  mean  maximum  temperature  at^ 
4  feet  exceeds  that  at  170  feet  by  1^*9,  while  the  mean  minimun& 
temperature  at  4  feet  falls  below  that  at  170  feet  in  almost  every 
month,  the  mean  difference  being  0^*4.  The  range  of  temperature  is,. 
therefore,  2'''3  less  on  the  belfry  than  it  is  at  4  feet  above  the 
ground. 

The  temperatures  at  9  lm.  show  that  on  the  average  the  air  at^ 
4  feet  is  I'^'S  warmer  than  at  170  feet. 

Table  I* 


1882. 


Ohurohjard  and  Belfrj. 


Mfudmum* 


4 
feet. 


170 

feet. 


Diff. 


"^inimmp^ 


4 
feet. 


170 

feet. 


Diff. 


4 
reov. 


170 
feet. 


Diff. 


April 

May 

June  . . . 1 . 

July 

August. . .  * 
September. 
October... 
NoTember . 
December . 

Mean... 


53-4 
60-8 
63*2 
68*4 
66*8 
61*8 
55*3 
46*7 
42*4 


60*9 
57*4 
60*6 
65*4 
68*9 
59*5 
54*8 
46  0 
42*0 


-2*5 
-3*9 

-3*6 

-3-0 

-2*4 

-1*8 

-1*0 

-o*7 
-o*4 


40*5 
44*9 
48*9 
52*6 
52*6 
48*6 
45*2 
37*8 
84*1 


+  0*2 
+  1-1 
—  O'l 
+  0  4 
+0*6 
+  1*2 
+  0-4 
+  0*4 
-o'l 


46*8 
53*4 
56*8 
60*8 
59*4 
54*8 
49*6 
41-1 
87-7 


45*2 
51*2 
54*6 
58-6 
57*7 
58  1 
49*0 
41  0 
87-6 


-1-6 

-2-2 

-1-7 

-2-2 

M-7 

-1-2 

-0-6 
-o  I 

-0*2 


57*5 


55*6 


-1*9 


44*6 


45*0 


+  0*4 


51*0 


48-7 


-1*3 


Table  II  gives  the  monthly  means  of  the  readings  of  the  dry  bulb 
thermometer  in  the  churchyard  at  4  feet,  and  of  the  electrical  ther* 
mometer  at  the  top  of  the  tower,  at  260  feet,  above  the  ground,  for 
every  two  hours  from  9  lk.  to  9  p.m.  from  April  to  December,  1882. 

From  this  it  will  readily  be  seei^  that  during  the  period  in  question 
the  mean  temperature  in  the  churchyard  during  these  day  hours  ia 
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•considerably  warmer  than  at  the  top  of  the  tower.     The  greatest 
difference  is  from  9  a.m.  to  3  p.m.,  after  which  it  b^ins  to  get  less  and 


On  examining  the  individual  readings  for  each  day,  two  interesting 
features  are  clearly  brought  out,  viz.,  (1)  that  in  fine  bright  weather 
the  temperature  at  4  feet  during  the  day  is  much  higher  than  on  ihe 
top  of  the  tower, — in  summer  the  difference  sometimes  reaches  5^  at 
1  P.M. ;  and  (2)  that  in  foggy  weather  the  temperature  at  the  top  of 
the  tower  is  always  higher  than  at  4  feet,  the  upper  part  of  the 
tower  being  generally  free  from  fog.  In  cloudy  and  wet  weather  the 
temperature  is  uniformly  higher  in  the  churchyard  than  at  the  top  of 
the  tower. 

These  observations,  however,  like  nearly  all  those  previously  made, 
refer  mostly  to  the  day  time ;  it  was  felt  of  pre-eminent  importance 
that  readings  should  be  taken  occasionally  throughout  the  night  as 
well  as  the  day.  Hitherto  the  usual  difficulties  in  obtaining  observa- 
tions requiring  night  attendance  have  prevented  any  considerable 
number  of  such  records  being  obtained,  but  every  effort  will  be  made 
to  increase  their  number,  especially  when  extreme  atmospheric  condi- 
tions prevail.  During  last  winter  there  were  eight  occasions  upon 
which  one  of  the  church  officials  was  on  duty  all  night,  and  for  those 
periods  we  have  complete  records. 

The  following  are  brief  descriptions  of  the  weather  on  each 
occasion : — 

November  11-12.  Fine  clear  cold  night,  followed  by  a  fine  day, 
with  slight  fog. 
„         18-19.  Dull,  wet  and  squally. 
„         26-26.  Fine  bright  night,  dull  day,  rather  windy. 
Dull,  with  snow  at  night,  fog  in  afternoon. 
Dull  and  cold. 
Dull  and  damp. 

Fine  and  bright,  slight  fog  5-9  p.m. 
Cloudy  night,  wet  day  with  fog. 

The  temperatures  are  given  in  Table  III. 

The  prevalence  of  fine  clear  nights  is  readily  seen  by  the  increased 
temperature  at  the  upper  station ;  the  presence  of  fog  is  also  indicated 
in  a  similar  manner;  while  cloudy  skies,  rain,  and  wind  prevent 
radiation,  and  so  on  the  days  and  nights  of  their  occurrence  the 
temperature  is  always  highest  near  the  ground. 

From  the  foregoing  it  seems  that  the  difference  between  the 
temperature  at  4  feet  and  260  feet  is  chiefly  regulated  by  the  amount 
of  cloud,  and  by  the  relation  of  the  temperature  of  the  suri^e  of  the 
ground  to  that  of  the  general  body  of  air  passing  over  it.  If  so,  it 
will  follow  that  the  mean  difference  between  the  temperature  at  the 
two  heights  can  only  be  determined  by  very  numerous  observations. 


December 

•     2-3. 

i> 

9-10. 

%f 

16-17. 

»> 

23-24. 

9> 

80-31. 
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•or  \}j  careful  oonsiderations  of  the  conditions  of  weather  and  of  soil 
temperature  nnder  which  each  individual  set  is  made. 

As  regards  hjgrometrj  the  data  at  present  ohtained  relate  solely  to 
'9  A.M.  and  to  the  heights  of  4  and  170  feet  respectiyelj.  The  mean 
relative  humidity  at  these  points  for  nine  months  of  1882,  is  given 
in  the  following  table,  which  shows  that  the  differences,  though  some- 
what larger  in  summer  than  at  other  periods,  are  not  generally  of 
importance. 


1882. 

Belatiye  humidity, 

4  feet. 

170  feet. 

Difference. 

April 

Per  cent, 
84 
75 
79 
73 
78 
85 
90 

Pep  cent, 
80 
77 
78 
78 
83 
88 
93 
90 
98 

Pep  cent, 

-4 
+  2 
—  I 
+  6 
+  5 
+  3 
+  3 
+  3 
+  2 

May 

cTiine  ,..••••,••,•, 

July 

•'"^ / • 

Auffust ,,>•• 

Set^mber. .,...,,. 

Octobep • . 

November 

December 

87 
96 

M<^n.  ...trtttf-* 

83 

85 

+  2 

Vf  **  On  Curves  circumscribing  Rotating  Polygons  with  re- 
ference to  the  Shape  of  Drilled  Holes."  By  A.  Mallook. 
Communicated  by  Lord  Kayleigh,  M.A.,  F,R.S,  Received 
June  11,  1883. 

It  is  well  known  that  drills  and  other  tools  of  the  same  class  wliich 
-are  guided  bj  their  cutting  edges  tend  to,  or  at  any  rate  can  produce 
holes  which  are  not  circular  in  section,  and  further,  that  if  the  tool 
have  n  equidistant  edges,  the  hole  which  it  produces,  if  not  circular 
in  section,  will  have  n-\-l  sides  or  similar  arcs,*  but  the  exact  shape 
-of  these  holes  and  the  limits  to  their  possible  departure  from  circularity 
have  not  as  far  as  I  am  aware  been  hitherto  examined. 

The  problem  consists  in  finding  all  the  figures  which  will  circum- 

•  These  eides  are  in  general  rery  much  curved,  and  in  fact  are  not  dbtinguiahable 
without  measurement  when  n  is  greater  than  3 ;  but  when  »a>2  the  departure  from 
the  circular  form  is  often  very  wide.  A  good  instance  of  this  may  be  seen  in  the 
boles  bored  in  rock  for  blasting.  These  holes  are  made  by  an  iron  bar  with  a  chisel- 
«haped  end,  and  the  section  of  the  holes  is  a  triangle  with  the  comers  rounded  off. 
rig.  7. 
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scribe  a  rotating  polygon,  that  is,  the  figures  on  whose  sides  the  angles 
of  the  enclosed  polygon  shall  all  lie  during  the  whole  revolution 
of  the  latter  in  the  former.  But  before  proceeding  to  do  this  it  may 
be  as  well  to  consider  how  the  departure  from  the  circular  form 
originates. 

Let  AB,  CD,  fig.  1,  be  the  tool,  which  for  simplicity  may  be 
supposed  to  have  two  cutting  edge?  only,  AG,  BC ;  its  axis  being 
CD. 

The  tool  is  guided  by  the  edges  AC,  BC,  and  the  axis  may  be 
-considered  to  remain  parallel  to  a  fixed  straight  line,  but  to  be  other- 
wise free. 

In  fig.  2  let  DEF  be  the  section  of  the  hole,  ABC  the  drill  seen  in 
plan,  and  C^  the  axis  of  the  hole. 

If  the  hole  is  circular  C  and  0'  will  be  identical,  but  if  by  any  chance 
C  and  C  are  mutually  displaced,  one  edge  (BC  in  the  figure)  will  have 
a  deeper  layer  of  substance  to  cut  than  the  other,  and  the  result  will 
be  that  the  instantaneous  axis  about  which  the  drill  is  revolving  is 
shifted  from  C  to  some  point,  P,  lying  between  C  and  B,  but  by  turning 
about  any  point  between  C  and  B,  AC  will  have  to  cut  through  a  layer 
of  substance  gradually  increasing  in  depth,  and  when  this  depth  is 
equal  to  that  along  BC,  P  and  C  will  coincide,  but  as  BC  will  now 
encounter  a  layer  of  diminishing  thickness,  P  will  move  through  C  to 
some  position  between  A  and  C. 

Those  alternate  variations  of  the  depth  of  the  cut  at  the  two  edges 
may  continue  indefinitely,  the  section  of  the  hole  varying  at  each 
revolution,  but  if  certain  conditions  are  fulfilled  the  figure  produced 
will  remain  constant  in  character  after  the  first  revolution. 

Since  P  is  always  on  that  side  of  C  on  which  the  cut  is  deepest,  and 
C  is  on  the  same  side  of  the  perpendicular  from  C  on  AB,  C  will 
-describe  some  curve  round  C  in  the  opposite  direction  to  the  rotation  of 
ACB.  That  is,  while  the  drill  rotates  in  one  direction,  its  geometrical 
axis  describes  some  curve  in  the  opposite  direction  round  the  axis  of 
the  hole. 

If  instead  of  the  centres  C  and  C  being  mutually  displaced,  one  of 
the  edges  meets  with  an  accidental  obstruction,  or  if  one  of  the  edges  is 
blunter  than  the  other,  the  same  results  will  be  produced,  except  that 
when  the  last  mentioned  cause  operates  the  effects  tend  to  accumulate, 
and  this  probably  is  the  actual  origin  in  most  cases. 

The  same  sort  of  result  will  occur  whatever  be  the  number  of  the 
cutting  edges  of  the  tool,  viz.,  the  instantaneous  axis  will  always  be  on 
that  side  of  the  geometrical  axis  on  which  the  cut  is  deepest,  or  the 
resistance  to  progress  of  the  edge  greatest,  and  in  virtue  of  this  the 
geometrical  axis  will  rotate  about  the  axis  of  the  hole  in  a  direction 
opposite  to  the  motion  of  the  tool. 

This  fact  at  once  suggests  a  method  of  analysing  the  figures  swept 
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out  hy  the  angles  of  the  tool.  Let  e  be  the  distaDce  between  G  and  C^ 
and  0  the  direction  of  the  line  joining  them,  then  e  can  always  be 
expressed  by  the  following  equation  : — 

€=€o  +  2ejsin(i(>-f«i) (1),. 

and  since  the  tool  is  a  rigid  body,  its  angles  are  displaced  from  the 
position  which  they  would  occupy  were  the  hole  circular  by  an  amount 
«i  in  a  direction  0, 

Let  Aj,  Aj  (fig.  3),  be  the  adjacent  angles  of  the  tool,  which  is  sup* 
posed  to  be  a  regular  polygon  of  n  sides,  Pj,  P^  the  paths  along  which 
they  move,  c  the  centre  of  hole,  and  p^  p^  the  path  described  by  c', 
the  centre  of  the  polygon. 

It  is  clear  that  if  P^,  P3,  .  .  .  are  to  form  parts  of  a  single  curve, 
.  .  .  A3,  A3  must  occupy  the  same  position  when  the  polygon  haa 

turned  through  —  that .  .  .  Aj,  A^  occupied  at  first ;  thus,  while  the 
n 

polygon  rotates  once,  its  centre  will  move  n  times  round  the  centre  of 

the  hole,  and  hence  if  0  be  the  angle  which  AC  makes  with  a  fixed 

line  passing  through  c,  and  if  0  also  be  measured  from  the  same  line, 

.-.  €=6o+2€i8in(in0+a,) (2); 

hence  6  goes  through  n  complete  cycles,  while  <f>  increases  by  2^ ;  but 
as  «  revolves  in  a  direction  opposite  to  that  of  the  polygon,  it  will  go 
through  n  -I- 1  cycles  if  the  0  be  measured  from  a  line  fixed  in  the  polygon. 
Let  G  A  be  this  fixed  line,  then  A  goes  through  n+1  cycles  of  displace- 
ment in  virtue  of  the  first  term  of  e,  viz.,  cq,  and  *n+l  cycles  in  virtue 
of  the  tth  term,  while  GA  revolves  once ;  hence  the  symmetry  of  the 
curve  Pi,  P2,  .  .  .  will  be  n+ 1-fold  as  far  as  it  depends  on  c^;  but 
the  only  other  terms  which  will  give  symmetrical  curves  if  present 
with  €q  are  those  for  which  i  has  such  values  that  while  0  changes 

from -.  to  — ,  in0  changes  through --f  a  complete  multiple  of 

2ir,  or  for  which 

where  p  is  an  integer,  and  if  the  symmetry  of  Pj,  Pg,  .  .  .  is  to  be  com- 
plete— that  is,  if  each  interval,  Pj  Pj,  Pg  Ps,  &c.,  is  to  be  composed 
of  similar  halves — ai  must  be  either  0  or  a  multiple  of  x. 

If  the  sum  of  the  coefficients  €<  in  e  is  small  compared  with  CA,  the 
equation  of  the  curve  PjPj  referred  to  its  centre  is  approximately 

p=^Po+eco8(n+l)(p (3), 

where  p = G' A  and  ^0=  G  A. 
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If,  however,  without  confining  ourselves  to  necessarily  small  values 
of  €,  we  consider  only  the  first  term  e^,  which  is  always  the  most 
important  in  practice,  the  curve  P^P)  ...  is  a  hjpotrochoid  having 
for  its  Cartesian  coordinates 

y =/)o  sin  0— €o  sin  n0, 
aj=/)Q  cos  0+60  cos  n0, 
where,  if  a  and  h  are  the  radii  of  the  rolling  circles, 

n-1 
a=^o y 


5=^. 


n 


Thus  we  see  that  a  hypotrochoid  with  its  generating  circles  in  the 
ratios  given  will  circumscribe  an  fi-sided  rotating  polygon,  the  dia- 
meter of  whose  circumscribing  circle  is  2pQ.  In  order  that  the  rota- 
tion may  be  mechanically  possible,  the  polygon  and  hypotrochoid 
must  not  cut  one  another  at  any  part  of  the  revolution,  and  this 
condition  limits  the  possible  value  of  e. 

Let  ABCD,  fig.  4,  be  part  of  the  polygon,  and  EPGH  part  of  the 
hypotrochoid,  then  it  may  be  shown  that  if  a  side  of  one  figure  cuts 
that  of  the  other,  the  cutting  sides  will  contain  the  greatest  area 
between  them  when,  as  at  B  and  G,  the  adjacent  angles  of  the  polygon 
are  equidistant  from  the  adjacent  comers  of  the  hypotrochoid.  Por 
the  angular  motion  of  B  and  G  is  a  maximum  when  passing  the 
middle  of  the  side  of  the  hypotrochoid,  and  a  minimum  when  passing 
the  comers,  so  that,  since  BP=GG,  G  will  leave  G  faster  than  B 
approaches  P,  and  vice  versd,  hence  the  area  enclosed  between  the 
points  pi,  p2>  ^y  SC  ^^^  ^®  ^^^  diminish  if  the  polygon  rotates,  and 
hence  if  BG  is  a  tangent  to  PG  when  BP=GG,  the  sides  can  never 
cut  one  another.     The  distance  of  the  middle  point  of  the  side  of  the 


v 


polygon  from  its  centre  is  /jqCOS-,  while  the  distance  of  the  corre- 

n 

sponding  point  of  the  hypotrochoid  is  />o"-«j  ^^^  equating  these  quan- 
tities, we  get  as  the  greatest  admissible  value  of  6, 

w 
€=/>Q  vers  -• 

If  the  hypotrochoid  is  to  be  everywhere  concave  to  the  centre,  €  must 

Pq 
not  be  greater  than  — j* 

The  following  table  shows  the  values  of  e  in  the  two  cases  from 
n=2ton=:7:— 
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-4- 


2 

2  />o  X  '^  ^0  >^  25 

3  -25  -115 

4  -146  -062 

6  -095  -040 

6  -067  -027 

7  -051  -020 

Figs.  5  and  6  show  the  liTpotroclioids  corresponding  to  the  valnes  of 
€  in  the  first  colamn,  and  figs.  7  and  8  those  in  the  second,  for  n=2 
and  n=4. 

There  are  some  propositions  relating  to  the  form  of  cylindrical 
tnmed  snrfEices  which  have  an  analogy  to  that  considered  in  this 
paper.     These  I  hope  to  examine  in  a  f  ntnre  communication. 


VI.  "  Contributions  to  our  Baiowledge  of  the  Connexion  be- 
tween Chemical  Constitution,  Physiological  Action,  and 
Antagonism."  By  T.  Lauder  Brunton,  M.D.,  F  Jl,S.,  and 
J.  Theodore  Cash,  M.D.    Received  June  13,  1883. 

(Abstract.) 

This  paper  is  divided  into  several  parts.  In  the  first  the  authors 
consider  the  general  action  of  ammonium  salts,  and  show  that  the 
action  of  the  ammonium  is  considerably  modified  by  the  acid  radical 
with  which  it  is  combined. 

All  the  ammonium  salts  afiect  the  spinal  cord,  motor  nerves,  and 
muscles,  and  in  advanced  poisoning  tend  to  poison  all  those  structures. 
The  course  of  poisoning  varies  with  the  salt  employed.  The  chloride, 
bromide,  and  iodide  form  a  series  in  which  a  stimulant  action  on  the 
cord  is  best  marked  in  the  bromide,  and  the  paralysing  action  upon  it 
and  upon  motor  nerves  most  strongly  in  the  iodide. 

Motor  nerves  are  also  paralysed  by  the  sulphate  and  phosphate, 
though  less  strongly  than  by  the  iodide. 

The  iodide  tends  to  arrest  the  circulation  sooner  than  the  other 
salts. 

Ammonium  bromide  appears  to  have  a  special  tendency  to  cause 
coagulation  of  the  stroma  of  red  blood  corpuscles.  The  sulphate 
does  so  to  a  less  extent,  and  the  phosphate  and  iodide  have  a  still 
less  efiect. 

In  the  second  part  the  action  of  salts  of  compound  ammonias  was 
investigated.  The  substances  employed  were  ethylamine,  trimethyl- 
amine,and  triethylamine;  the  chlorides,  iodides,  and  sulphates  of  amyl 
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ammoniam  and  of  dimethyl  ammoniam;  trimethyl  ammonitLm  and 
tetramethjl  ammoninm  iodide;  ethyl  ammonium  chloride,  diethyl 
ammoniam  chloride,  iodide,  and  sulphate;  triethyl  ammonium  chloride, 
iodide,  and  sulphate ;  tetraethyl  ammonium  iodide. 

The  compound  ammonias  affect  the  spinal  cord,  motor  nerves,  and 
muscles.  The  spinal  cord  is  first  stimulated  and  then  paralysed, 
stimulation  being  evidenced  by  twitchings  or  convulsions,  and  the 
paralysis  by  loss  of  reflex  action  and  motor  power. 

There  is  a  marked  difference  in  the  action  between  ammonia 
and  the  compound  ammonias;  while  ammonia  causes  well  marked 
tetanus,  compound  ammonias,  as  a  rule,  produce  symptoms  of  motor 
paralysis  with  the  exception  of  those  in  which  one  atom  of  hydrogen 
only  is  substituted  by  an  alcohol  radical.  This  paralysis  appears  to 
be  partly  due  to  their  action  on  the  spinal  cord  and  nerve  centres, 
and  partly  to  a  curara-like  action  on  the  motor  nerves. 

Some  of  them  apparently  increase  somewhat  the  excitability  of  the 
spinal  cord  at  first,  but  this  is  temporary,  and  is  shown  rather  by 
hypercBsthesia  or  tremor  than  by  convulsion;  and  tetramethyl  and 
ethyl  ammonium  salts  differ  from  the  di-  or  tri-methyl  or  ethyl 
ammonias  in  having  a  much  greater  tendency  to  cause  convulsions. 

The  effect  of  the  acid  radical  on  the  physiological  action  is  less 
marked  in  the  case  of  the  compound  ammonias  than  in  the  salts  of 
ammonia  itself. 

The  iodides  of  the  compound  ammonias  paralyse  motor  nerves  more 
quickly  than  either  chlorides  or  sulphates. 

No  difference  was  observed  between  the  paralysing  action  of  corre- 
sponding chlorides  and  sulphates. 

The  irritability  of  the  muscle  is  increased  as  a  rule  by  the  chlorides, 
sometimes  increased  and  sometimes  diminished  by  the  sulphates,  and, 
as  a  rule,  though  with  some  exceptions,  decreased  by  the  iodides. 
The  contractile  power  of  the  muscle  is  less  affected  by  the  chlorides, 
more  by  the  sulphates,  and  most  by  the  iodides. 

On  comparing  the  effect  of  the  substitution  of  different  alcohol 
radicals  for  hydrogen  in  the  compound  ammonias,  it  was  found  that 
the  least  active  substances  were  the  ethyl,  diethyl,  and  triethyl  com- 
pounds. In  the  case  of  the  iodides  and  sulphates  of  these  compounds 
only,  was  the  minimal  irritability  of  the  muscle  undiminished.  The 
difference  between  ethyl  and  methyl  compounds  was  more  observable 
in  the  case  of  tha  iodides  and  sulphates  than  in  that  of  the  chlorides. 
The  Iodides  all  have  a  strong  tendency  to  paralyse  the  motor  nerves, 
bnt  this  is  most  marked  in  the  case  of  tetramethyl  and  tetraethyl 
ammonium  iodides.  Tetramethyl  appears  to  act  in  a  somewhat  smaller 
dose  than  the  tetraethyl  ammonium. 

Sulphates  of  the  methyl  compounds  have  a  stronger  tendency  to 
paralyse  motor  nerves  than  those  of  ethyl  compounds,  and  the  ethyl 
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compounds  have  a  greater  tendency  to  exaggerate  the  irritability  of 
the  muscle  at  first. 

Salts  of  methyl,  ethyl,  and  amyl  ammonium  are  more  active  than 
the  corresponding  ones  of  the  di-  and  tri-componnds,  but  the  tetra- 
compounds  are  most  active  of  all. 

In  the  next  part  of  the  paper  the  effect  of  salts  of  the  alkalies 
on  muscle  and  nerve  are  considered.  The  substances  investigated 
were  the  chlorides  of  lithium,  sodium,  potassium,  rubidium,  and 
cassium;  These  differ  from  ammonia  in  having  very  little  tendency 
to  stimulate  the  spinal  cord,  and  the  chief  symptom  of  poisoning  by 
them  is  increasing  torpor. 

Slight  excitement  of  reflex  action  is  noted  at  first  in  the  case  of 
potassium  and  rubidium. 

The  motor  nerves  are  not  paralysed  by  csBsium  or  rubidium  except 
in  very  large  doses,  but  the  other  substances  of  this  group  paralyse 
them  to  a  greater  or  less  extent.  Lithium  and  potassium  are  the 
most  powerful. 

The  contractile  power  of  muscle  (as  shown  by  ihe  height  of  curve) 
is  increased  by  rubidium,  ammonium,  potassium,  and  cfldsium.  It  is 
unaffected  by  sodium  excepting  in  large  doses,  and  is  almost  invariably 
diminished  by  lithium. 

The  duration  of  contraction,  as  shown  by  the  length  of  the  curve, 
is  increased  by  rubidium  and  ammonium  in  large  doses,  by  sodium, 
and  C89sium.  It  is  shortened  by  ammonium,  lithium,  and  rubidium  in 
small  doses,  and  by  potassium.  The  contraofcure  or  viscosity  is  in- 
creased by  rubidium  and  ammonium  in  large  doses,  by  lithium,  and 
sodium.  It  is  diminished  by  rubidium  and  ammonium  in  small  doses, 
by  C8Bsium,  and  potassium. 

The  action  of  substances  belonging  to  the  alkaline  earths  and 
earths,  is  discussed  in  the  next  section.  The  substances  investigated 
were  the  chlorides  of  calcium,  strontium,  barium,  beryllium,  didymium, 
erbium,  and  lanthanum.  In  regard  to  their  action  upon  the  nervons 
system,  these  substances  fall  into  two  groups,  (a)  containing  beryllium, 
calcium,  strontium,  and  barium;  and  (h)  containing  yttrium,  didymium, 
erbium,  and  lanthanum.  Group  a  has  a  tendency  to  increase  reflex 
action  as  evidenced  by  spasm  or  tremor.  With  group  b  reflex  action 
in  the  cord  appears  to  be  little  affected,  but  they  appear  to  have  a 
tendency  to  paralyse  motor  centres  of  the  brain  in  the  frog. 

Group  a  all  paralyse  motor  nerves  to  some  extent.  Lanthanum  has 
also  a  slight  paralysing  action,  but  the  other  members  of  group  b  have 
not,  agreeing  in  this  respect  with  sodium  and  rubidium,  and  differing 
from  all  the  others. 

In  regard  to  their  action  on  muscles  these  substances  cannot  be 
divided  into  sub-groups.  The  contractile  power  of  muscle  is  increased 
by  barium,  erbium,  and  lanthanum.     It  is  sometimes  increased  and 
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sometimes  diminished  by  yttrium  and  oalciam.  It  is  diminished  bj 
-didyminm,  strontium,  and  beryllinm.  The  duration  of  contraction  is 
increased  by  barium,  calcium,  strontium,  yttrium,  and  erbium.  It  is 
unaffected,  or  slightly  diminished  by  beryllium,  didymium,  and 
lanthanum. 

Contracture  is  increased  by  barium,  calcium,  strontium,  yttrium, 
and  beryllium.  The  contractv/re  produced  by  barium  is  enormous, 
resembling  that  produced  by  veratria,  as  the  authors  have  shown  in  a 
former  paper.  It  is,  like  that  of  veratria,  diminished  by  heat,  cold 
and  potash,  and  may  be  abolished  by  these  agents.  It  is  not  so  well 
marked  when  the  drag  is  injected  into  the  circulation  as  when 
locally  applied  to  the  muscle. 

The  action  of  some  of  the  more  important  of  those  drugs  can  be 
graphically  represented  by  a  spiral,  the  terminal  members  of  which 
:are  potassium  and  barium,  and  these  two  are  to  a  certain  extent  con- 
nected by  ammonium  as  an  intermediate  link. 

The  alteration  effected  in  the  action  of  the  different  members  of 
these  groups  on  muscle  by  the  subsequent  application  of  another,  is 
next  discussed,  and  it  is  shown  that  the  effect  of  one  substance  upon 
muscle  may  be  increased  or  diminished  by  the  application  of  another. 
One  of  the  most  curious  points  is  that  two  substances  having  a 
similar  action  may,  instead  of  increasing,  neutralise  each  other's 
.effect. 

Potassium  shortens  the  lengthened  muscular  curves  produced  by 
barium,  calcium,  strontium,  sodium  in  large  doses,  and  lithiam,  and 
reduces  the  contracture  which  they  cause.  Sodium  in  large  doses 
lengthens  the  curre  and  increases  the  contractwre  of  the  normal 
muscular  curve,  and  it  adds  to  the  length  of  the  long  curves  caused 
by  calcium  and  strontium.  The  veratria-like  curve  of  barium  is 
•counteracted  by  almost  all  the  substances  which  produce  a  shorter 
-curve  than  itself.  There  is  remarkable  antagonism  between  barium 
/and  rubidium.  Bubidium  in  large  doses  produces  an  elongated  curve 
with  enormous  contractwre  almost  like  that  of  barium.  This  abnormal 
•curve  is  reduced  to  the  normal  by  barium,  and  if  this  is  applied  to  a 
greater  extent  than  is  sufficient  to  antagonise  rubidium,  it  again 
produces  the  prolonged  curve  characteristic  of  the  barium  itself.  In 
the  case  of  oedcium  and  strontium,  which  have  a  similar  action  in 
prolonging  the  curve,  we  find  no  antagonism ;  the  one  tending  rather 
to  increase  the  effect  of  the  other.  Some  relations  are  pointed  out 
between  the  atomic  weights  of  antagonising  elements.  Although 
the  data  are  too  limited  to  draw  from  them  any  general  rule,  the 
authors  think  that  they  may  possibly  lead  by-and-by  to  some  useful 
result.  Thus,  calcium  reduces  the  barium  curve  to  the  normal  before 
it  causes  its  own  peculiar  curve.  This  may  be  looked  upon  possibly 
^as  the  result  of  the  union  of  the  barium  and  potassium  having 
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resulted  in  some  compound  whicli  is  a  multiple  of  potassium ;  potas- 
sium being,  as  we  know,  an  important  constituent  of  normal  muscle. 

Ba  137x2=274    274-Ca  40=234, 
K     39x6=  234. 

Bubidium  in  large  doses  has  the  same  effect  as  barium  in  causing  a 
Teratria-like  curve,  but  barium  destroys  the  effect  of  rubidium  before- 
producing  its  own  effect. 

Rb  85-4  X  8=683-2, 
Ba  137x5=685. 

In  the  next  division  the  authors  show  that  by  alternate  application 
of  acids  and  alkalies  the  muscle  of  the  frog  may  be  made  to  describe 
on  a  slowly-revolving  cylinder  curves  which  almost  exactly  resemble 
those  described  on  a  quick  cylinder  by  the  normal  contraction  of  a 
muscle  on  stimulation  ;  and  also  those  which  the  muscle  describes  on 
irritation  after  it  has  been  poisoned  by  barium.  They  consider  that 
the  contraction  of  muscle  may  be  possibly  due  in  some  measure 
at  least  to  alterations  in  acid  or  neutral  salts  which  the  muscle 
contains. 

The  lethal  activity  on  frogs  of  the  chlorides  experimented  upon  is 
as  follows :  the  potassium  being  most  powerful,  and  calcium  least 
powerful;  potassium,  beryllium,  rubidium,  barium,  ammonium, 
CflBsium,  lithium,  lanthanum,  didymium,  erbium,  strontium,  yttrium, 
sodium,  calcium. 


VII.  **  The  Influence  of  Water  in  the  Atmosphere  on  the  Solar 
Spectrum  and  Solar  Temperature."  By  Captain  Abney, 
R.E.,  F.R.S.,  and  Colonel  Festing,  R.E.  Communicated 
at  the  request  of  the  Committee  on  Solar  Physics.  Re- 
ceived June  14,  1883. 

In  our  paper  on  "  Atmospheric  Absorption  in  the  Infra-red  of  the 
Solar  Spectrum''  ("Proc.  Roy.  Soc.,"  vol.  35,  p.  80),  we  stated 
that  the  absorption  by  water  coincided  with  the  absorption  bands 
to  be  found  in  the  solar  spectrum,  and  our  proof  rested  on  photo- 
graphs which  had  been  taken  for  some  time  back.  In  the  diagram 
which  we  published  (and  in  which  are  slight  errors  in  shading 
at  some  parts,  and  which  we  here  correct)  we  showed  the  coinci- 
dences as  far  as  X10,000,  that  being  the  limit  to  which  we  could 
accurately  fix  the  wave-lengths.  Simultaneously  almost  with  the 
publication  of  our  paper,  there  came  into  our  possession  an  account 
of  Professor  Langley's  researches  on  the  solar  spectrum,  conducted  by 
means  of  the  bolometer,  a  perusal  of  which  determined  us  to  vary 
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our  method  of  observations  in  order  to  definitively  test  our  conclu- 
sions as  regards  intensity  of  absorption  in  the  part  of  the  spectrum 
below  the  red  which  we  had  explored,  and  also  to  ascertain  if  our 
deductions  held  good  in  the  parts  we  had  not  explored.  It  thus 
became  necessary  to  go  over  the  work  done  by  Langley  as  far  as  our 
instrumental  means  would  allow.  One  of  the  most  remarkable 
features  in  it  seemed  to  be  the  failure  of  Cauchy's  formula  for 
re&action,  his  prismatic  spectrum  extending  below  A  to  a  distance 
equal  to  AG,  whilst  theoretically  it  should  end  at  a  distance  equal  to 
AE.  Our  first  labour  was  to  ascertain  the  correctness  of  this  by 
means  of  photographs  taken  with  the  diffraction  grating.  Since  1880, 
when  the  temporary  map  of  the  normal  spectrum  of  the  infra-red 
from  X7000  to  10,500  was  published,  a  large  number  of  photographs 
for  the  determination  of  lower  wave-lengths  have  been  taken,  with 
the  result  that  a  map  as  far  as  15,000  can  now  be  constructed,  showing 
all  the  delicate  Fraunhofer  lines  which  exist  in  this  lower  region, 
but  this  extent  is  not  sufficient  for  a  comparison  with  Langley's  solar 
thermogram,  which  extends  to  X28,000.  Unfortunately  in  our  climate 
the  atmospheric  conditions  preclude  getting  any  results  mnch  lower 
than  15,000,  except  on  very  rare  occasions.  Advantage  has  been  taken 
of  cold  dry  days  to  take  rougher  photographs,  which  though  not  so 
defined  in  detail  as  those  up  to  X15,000,  are  yet  sufficiently  accurate 
to  compare  with  Langley's  map.  His  map  is  accurate  to  figures  over 
the  100  on  the  tenth-meti-e  scale,  and  our  photographs  have  the  same 
accuracy.  As  a  result  of  the  comparison  of  our  photographs  to 
X22,000,  with  the  .map,  we  may  say,  that  the  wave-lengths  agree,  and 
the  failure  of  Cauchy's  formula  is  confirmed.  Our  photographs  were 
secured  by  separating  vertically  the  different  orders  by  means  of  a 
white  glass  prism  of  30°.  The  coincidences  of  the  different  spectra 
were  thus  readily  seen,  and  the  X  value  at  once  ascertained.  The 
glass  employed  throughout  our  researches  is  the  same  as  that  used  by 
Langley,  to  whom  one  of  us  recommended  it,  and  of  which  he  speaks 
in  such  high  praise.  The  use  of  rock-salt  for  anything  except  for 
purely  absolute  quantitative  work  becomes  unnecessary,  and  for  com- 
parative work  the  glass  is  as  effective  and  more  certain.  No  rock- 
salt  prism  which  we  have  tried  will  bear  the  use  of  a  collimator,  the 
lens  of  which  is  filled  by  the  radiation  ;  the  surfaces  have  never  been 
nearly  as  perfect  as  those  of  the  glass.  The  principal  Fraunhofer  lines 
were  almost  indistinguishable,  unless  the  aperture  of  the  collimating 
lens  was  very  largely  diminished.  This  was  the  case  with  four 
separate  prisms,  which  when  first  tried  were  newly  polished  by  an 
optician.  Professor  Langley  has  been  more  fortunate  than  ourselves 
in  this  respect,  and  has  been  able  to  compare  his  glass  with  rock-salt. 
"We  owe,  however,  a  debt  of  gratitude  to  Dr.  Guthrie  and  Professor 
Tyndall  for  having  given  us  rock-salt  with  which  to  experiment,  and 
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onlj  wish  our  report    of   its    behayioiir    might    have    been    more 
fayoarable. 

Having  confirmed  the  correctness  of  Langley's  wave-lengths  as  far 
as  X22,000,  we  proceeded  by  means  of  the  thermopile  to  examine 
the  spectrum  obtained  when  using  the  crater  of  the  positive  pole  of 
the  electric  light  as  a  source  of  radiation,  and  also  subsequeDtlj  the 
variations  caused  by  placing  different  thicknesses  of  water  in  front  of 
the  slit.  The  thermopile  we  used  was  constructed  specially  for  ns  bj 
Elliott  Brothers,  some  two  years  ago,  when  we  had  made  a  commence- 
ment of  this  work.*  It  is  a  linear  pile  of  twenty-six  couples  to  the  inch, 
And  one  face  is  covered  by  a  silvered  slit  with  moveable  jaws.  The 
•couples  are  mounted  in  the  usual  manner,  and  enclosed  in  a  chamber 
with  transparent  ends  which  can  be  exhausted,  if  necessary.  Outside 
this  again  is  a  water  jacket,  through  which  a  constant  stream  of  cold 
water  can  be  made  to  circulate.  The  instrument  is  extremely  delicate, 
and  answered  our  purpose  well.  Two  reflecting  galvanometers  were 
used  at  different  times,  one  having  an  internal  resistance  of  about 
•0*5  ohm,  and  the  other  of  0*12  ohm.  The  thermopile  was  mounted 
on  a  stand,  moveable  horizontally  by  a  screw  of  18^  turns  to  the  inch. 
The  range  of  movement  was  6  inches.  The  pile  was  always  moved 
in  one  direction  during  one  set  of  observations.  To  form  the  spectrom. 
the  following  arrangement  was  adopted.  A  condenser  of  white  glass 
threw  an  image  of  the  crater  on  the  slit  of  a  collimator  having  a  focal 
length  of  20  inches,  the  lens  of  the  collimator  had  a  diameter  of 
1^  inches,  and  the  rays  of  light  were  rendered  parallel  for  C,  and 
then  fell  on  a  glass  prism  (sometimes  two)  placed  at  approximately 
the  angle  of  minimum  deviation  for  that  ray.  A  lens  of  20  inches  focal 
length  attached  to  a  camera  formed  the  spectrum,  which  could  be 
received  either  on  a  sensitive  plate  or  on  the  face  of  the  pile.  The 
width  of  the  collimator  slit  was  ^  of  an  inch  for  the  electric  lightSy 
.and  for  the  sun  -^^  inch.  The  width  of  the  slit  of  the  thermopile 
was  in  the  former  case  ^  inch,  and  in  the  latter  ■^.  In  order  to 
•obtain  fiducial  points  in  the  spectrum,  the  arc  was  focnssed  on  the 
^it,  a  sodium  spectrum  formed,  and  a  photograph  taken.  The  sensi* 
tive  plate  was  replaced  by  the  thermopile,  and  the  D  line  brought  in 
the  centre  of  the  jaws  of  the  silvered  slit,  and  this  point  on  the 
«crew  was  used  as  iJie  zero  of  the  scale.  From  measurements  of  the 
photographs  the  exact  position  of  all  lines  and  bands  could  be  readily 
•obtained  and  referred  to  the  reading  taken  with  the  thermopile.  A 
oheck  photograph  and  zero  reading  were  taken  at  the  end  of  each 
series  of  observations.  An  assistant  kept  the  image  of  the  crater  on 
the  slit  (which  had  a  length  of  '31  inch),  one  of  us  attended  to  the 
movement  of  the  pile,  while  the  other  took  the  galvanometer  readings. 
The  unused  face  of  the  pile  was  covered  with  thick  folds  of  non-oon- 
•  «  Nature,"  toI.  26, 1881-82. 
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•ducting  material,  and  the  jacket  of  the  pile  was  kept  fall  of  water, 
the  whole  heing  enclosed  to  form  part  of  the  camera  by  means 
•of  a  thick  covering.  At  each  movement  of  the  pile  at  least  three 
readings  of  the  galvanometer  were  taken.  In  each  series  of  observa- 
tions, and  for  each  water  spectrum  examined,  at  least  six  series  were 
made. 

"We  believe  that  the  results  we  put  forward  are  fairly  representative 
quantitatively,  and  without  doubt  the  positions  of  maxima  and  minima 
may  be  relied  on  to  one-eighth  turn  of  the  screw.  At  the  same  time  it 
must  be  remembered  that  the  breadth  of  the  slit  of  the  thermopile  is 
it  measurable  quantity,  and  one  which  cannot  be  neglected,  but  its 
existence  is  a  necessary  evil.  For  this  reason  the  positions  of  bands 
are  more  exact  in  the  photographs  than  in  the  thermograms,  and  any 
^rnall  discrepancy  in  position  should  be  discounted  in  favour  of  the 
photograph.  When  using  the  solar  radiation,  which  is  four  times 
more  intense  than  that  of  the  crater  of  the  electric  light,  and  when 
both  slits  have  been  narrowed,  the  absorptions  are  sure  to  be  more 
intensely  marked  than  when  a  wider  slit  is  used,  the  reason  of  which 
is  obvious.  Langley  employed  a  spectrum  which  was  of  about  the 
«ame  purity  as  ours  ("  American  Journal  of  Science,*'  vol.  25,  p.  169, 
1883,  and  "  Phil.  Mag.,"  vol.  15,  p.  153,  1883),  but  the  width  of  his 
bolometer  strip  being  about  one-fifth  that  of  the  jaws  of  the  thermo- 
pile slit,  and  his  spectrum  longer,  the  absorptions  are  shown  with 
^greater  strength  than  they  are  in  our  curves,  whilst  in  our  photo- 
graphs the  absorptions  are  even  more  marked. 

Our  first  result  was  the  thermogram  of  the  crater  of  the  positive 
pole,  and  this  is  shown  in  Curve  I,  Diagram  I.  This  is  the  mean  of  a 
dozen  curves  which  all  lie  very  closely  on  this  mean.  One  thing  we 
ieam  from  it  is  that  the  temperature  of  the  crater  is  always  very 
uniform  with  any  carbon,  and  is  what  we  might  expect  when  we 
-consider  that  it  is  the  temperature  at  which  carbon  vaporises.  In 
comparing  it  with  Tyndall's  curve  given  in  ''Heat  as  a  Mode  of 
Motion,"  we  are  struck  by  the  difference  exhibited  in  the  two  near 
the  apices;  this  difference,  however,  is  explicable  as  will  be  seen 
further  on,  when  it  is  remembered  that  his  source  of  radiation  was 
one  composed  of  various  temperatures.  Next,  in  order  to  ascertain 
the  amount  of  absorption  due  to  different  thicknesses  of  water,  it  was 
found  necessary  to  employ  cells  with  glass  sides,  and,  unfortunately, 
not  being  in  possession  of  parallel  glass  of  the  same  material  as  the 
prisms,  it  became  necessary  to  take  the  absorption  curve  of  the  cells, 
^his  is  found  in  Curve  II.  Water  was  then  placed  in  the  cells  before 
the  slit,  and  the  readings  taken.  Curves  YI,  YII,  and  Vill  are  the 
water  curves  corrected  for  the  cell-absorption,  and  they  were  con- 
structed to  enable  a  comparison  to  be  made  with  the  curve  of  the 
«olar  spectrum. 
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Annexed  are  tables  showing  the  ordinates  of  the  different  points  of 
the  spectra  as  determined  by  the  thermopile. 


Curves.     (See  Diagram 

Ll.) 

Scale  No. 

I. 

II. 

in. 

IV. 

V. 

VI. 

vn. 

VIII. 

-10 

•5 

•4 

•4 

•4 

0 

•5 

•5 

0 

-  8 

1-3 

•9 

•9 

•9 

0 

1-3 

1-3 

0 

-  6 

2-5 

1-3 

1-3 

1-3 

0 

2-5 

2-5 

0 

-  4 

4*4 

2-5 

2-5 

2-3 

•2 

4-4 

4-1 

•3 

-  2 

5-9 

4-5 

4-3 

4-1 

1-2 

5-5 

5  0 

2  0 

0 

11  0 

7-5 

7-3 

6-8 

3-2 

10-5 

9-5 

4-7 

This  point  is 

i 

12-3 

8-7 

8-7 

8-6 

4  0 

12-3 

12-0 

5-7 

D. 

1 

13-7 

10  0 

9-2 

8-8 

3-7 

13  0 

12-3 

5-3 

li 

15  1 

11-3 

10-7 

10-0 

5  0 

14  0 

13-3 

... 

2 

16-8 

12-8 

12-2 

11-6 

6-7 

16  0 

15  0 

— 

3 

21-5 

16  0 

16-9 

15  0 

10-3 

21-4 

20  0 

— 

H 

23  0 

16-7 

16-7 

16  0 

10-7 

23  0 

22-6 

15-3 

Sk 

24-2 

17-5 

17-5 

16-7 

8-6 

24-2 

23  0 

— 

4 

27-5 

19-3 

18-5 

17  0 

2-3 

26  0 

24  0 

3*5 

ThispOTitii 

4i 

31-5 

21  1 

21  0 

19-2 

1-8 

31-5 

28  0 

— 

JL 

6 

85  0 

22-8 

22-8 

20-6 

1-4 

36-0 

32-2 

2-0 

5i 

38-2 

24-6 

23  0 

21  0 

.i_ 

36  0 

33  0 

— 

6) 

40  0 

25-4 

24-7 

22  0 

__ 

38-7 

34-5 



6 

41-2 

26-2 

24-3 

20  0 

0 

38  0 

27-0 

0 

6i 

42*3 

27  0 

23  0 

14  0 

QQ 

— 

— 

GQ 

6i 

43-3 

27-7 

21-5 

5-3 

1 

33-7 

8-5 

6i 

44-6 

28-4 

24-0 

6  0 

1 

— 

..» 

7 

45*3 

29-3 

26-0 

9  0 

— 

— 

g 

7i 

46-5 

30  0 

28 -3 

10-0 

40-2 

15-6 

S 

n 

45-7 

29-4 

25  0 

9-7 

— 

— 

8 

43*2 

27-6 

20-5 

1-0 

32*2 

— 

• 

ThembSmam 

8i 
8i 

40  0 

25-8 

18-5 
18-5 

•6 
•5 

28  0 

•8 

ff?S5. 

8f 

— 

— 

19  0 

•7 

— 

— 

doecrtoft 

9 

37-3 

24  0 

16  0 

•6 

— 



thaiig|« 

9i 

34-3 

21-4 

6  0 

0 

9-7 

0 

10 

31-3 

18-6 

•7 

0 

1-3 

1 

lOi 

27-3 

15  0 

1-5 

U2 

I 

— 

11 

240 

11-6 

3  0 

5-3 

lU 

— 

— 

1-6 

— 

12 

15-5 

6-8 

10 

g 

— 

2 

12i 

— 

— 

0 

1 

0 

t 

13 

9  0 

4-0 

•4 

— 

» 

13i 

— 

— 

1-5 

2-8 

14 

3-7 

1-8 

11 

— 

16 

1-8 

•8 

0 

0 

18 

0 

0 

A  reference  to  the  diagram  will  show  that  the  thermograms  of  the 
water  spectra  have  absolute  coincidence  with  the  absorptions  shown 
in  the  photographs.  The  thermogram  is,  however,  more  delicate  in 
some  respects ;  as  for  instance,  in  tlie  dip  in  the  curves  commencing 
at  ^  in  the  scale.  This  is  a  water-band  which  is  only  shown  photo* 
graphically  and  markedly  with  4  feet  of   water,   whilst  with    but 
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^  inch  of  water  it  is  distinct  in  the  thermogram.  The  reason  of  this 
is  that  -when  high  intensities  of  radiation  are  nearij  eqnal,  an  ap- 
parent equality  of  intensity  of  image  is  produced  in  a  photograph 
when  exposure  is  prolonged.  By  shortening  the  exposure  and  thus 
sacrificing  the  rest  of  the  spectrum,  this  band  can  be  brought  out* 
Russell  and  Lapraik  (see  '*  Journal  of  the  Chemical  Society,"  1881) 
found  this  band  visually  when  using  a  thickness  of  14  feet  of  water, 
apparently,  therefore,  the  thermopile  is  more  delicate  for  gentle 
shades  of  radiation  than  is  the  eye. 


Diagram  II  shows  the  Curves  I,  VI,  VII,  and  VIII,  transformed  to 
the  normal  scale  of  wave-lengths  (figured  I',  VI',  VII',  and  VIII' 
respectively),  from  which  it  will  be  seen  that  the  maximum  energy 
of  the  crater  on  this  scale  corresponds  to  a  wave-length  of  about  7350, 
or  just  at  the  limit  of  the  red  as  usually  visible.  It  will  also  be  seen 
that  the  depressions  are  not  so  marked  as  in  the  prismatic  scale. 
Diagram  III  gives  the  solar  spectrum  on  two  separate  days.  The 
continuous  curve  was  taken  with  the  wet  and  dry  bulb  of  the  thermo- 
meter standing  at  68°  and  78°  F.  respectively.  According  to  usually 
accepted  methods  of  calculation,  this  would  correspond  to  an  eqniva- 
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f^hi:  of  about  5^  inchea  of  water  between  the  sun  and  tlie  spectro- 
\,  Tbo  dotted  curve  was  taken  on  a  day  "whicli  was  drier,  but 

Ok  S.\vfi  the  sl^  ^a«  *  ^ttl^  l^^y- 
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Scale  No.  Beftdings.  Scale  No.  BeadingB. 

575 34  9J      7 

^      19  10        2 

6|      18  lOJ      22 

7        28  11        25 

7i      38  llj      16 

7J      35  12*      0-5 

7i      30  13A     7 

8        20  13f      4-5 

8i      19  14^    8 

8f      25  14i      0 

8|      28  15        1 

9        21-5  16        0 

Diagram  IV  shows  the  continnoTis  curve  of  Diagram  III  trans- 
ferred to  the  normal  scale;  and  that  in  dotted  line  is  Langlej's 
<nirTe  ("  Phil.  Mag.,"  March,  1883)  transferred  to  our  scale,  so  that 
the  maxima  correspond.  The  chain-dotted  curve  is  curve  No.  VI', 
Diagram  11;  but  it  must  be  borne  in  mind  that  the  vertical  scales 
are  different,  inasmuch  as  the  slits  of  the  thermopile  and  colli- 
mator were  narrower  in  the  case  of  the  sun  than  in  the  case  of  the 
electric  light.  To  make  an  absolute  compariBon,  the  ordinates  of 
the  solar  curve  must  be  multiplied  bj  4*5.  It  will  be  seen  that, 
generally,  our  curve  corresponds  with  Langley's,  the  difference 
in  position  of  the  maxima  and  minima  being  in  no  case  greater 
than  one-sixth  turn  of  the  screw  of  the  thermopile.  His  radiation 
receiver  was  so  much  narrower  than  ours,  that  his  readings  would 
show  the  rises  and  depressions  more  exactly.  A  comparison  of  the 
curves  will  show  that  almost  all  the  atmospheric  absorption  is 
dud  to  watery  stuff.  The  depression  shown  in  Langley's  and  our 
own  solar  curves  at  8660  is  not  coincident  with  water.  His 
Bbows  the  water-band  at  8240  (which  is  that  shown  in  the  photo- 
graphs), and,  no  doubt,  we  missed  it  owing  to  the  steepness  of  the 
desoent  from  X7900.  The  dip  at  8660  is  probably  due  to  a  hydro- 
carbon, to  which  we  will  not  here  refer  further  in  the  present  com- 
mimication.  We  wish  to  emphasise  the  fact  that  the  "a"  group, 
oortesponding  to  X7200,  is  not  due  to  water  as  a  liquid ;  nor  when  we 
look  at  Diagram  I  and  see  the  absorption  of  2  feet  of  water,  can  we 
suppose  that  in  the  dip  from  7300  to  7600  the  A  line  is  included. 

Professor  Langley  in  his  paper  states  that  the  atmospheric  absorp- 
tion  in  the  infra-red  of  the  spectrum  is  comparatively  small,  and  he 
gives  a  hypothetical  thermogram  of  the  extra-atmospheric  solar 
«peclrum  in  which  the  maximum  enei^y  is  in  the  yellow,  and  the 
eosrgy  curve  descends  steadily  on  both  sides  of  this  maximum.  We 
do  not  think  our  experiments  quite  confirm  his  views  in  this  respect. 
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We  submit  that  a  compariBon  of  the  thermograms  of  the  solar 
spectnun  and  those  of  the  electric  light  points  to  the  conclusion  that 
much  the  greater  portion  of  the  absorption  in  the  infra-red  of  the 
former  is  due  to  the  presence  of  water-stuff.  In  the  case  of  the 
electric  light  it  will  be  seen  how  large  a  proportion  of  the  energy  is 
absorbed  by  even  If  inches  of  water,  especially  between  X10,000  and 
X21,000.  If  water  in  the  state  of  vapour,  as  we  believe  to  be  the 
case,  absorbs  as  much  energy  as  the  same  amount  in  a  liquid  state, 
the  sun's  rays  are  absorbed  to  at  least  a  corresponding  extent  in 
passing  through  our  atmosphere,  which  must,  we  believe,  always  con- 
tain more  than  an  equivalent  of  If  inches  of  water. 

Now  Langley's  normal  solar  curve  may  be  considered  representa- 
tive of  a  thermogram  taken  under  the  most  favourable  conditions 
for  dryness  of  atmosphere,  and  it  cannot  be  supposed,  even  under 
these  circumstances,  that  between  the  spectroscope  and  the  solar 
atmosphere  there  could  have  been  less  than  ^  inch  of  water  (or  its 
equivalent  in  vaponr),  judging  by  the  depression  in  it.  Fig.  2, 
Diagram  IV,  shows  the  general  form  of  his  curve  corrected  for  the 
absorption  due  to  ^  inch  of  water ;  from  which  it  appears  that  there 
must  be  a  large  proportion  of  energy  emanating  from  a  source  of  com- 
paratively low  temperature. 

The  prismatic  thermogram  of  the  spectrum  from  a  source  having  a 
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single  temperatare  appears  to  be  one  having  a  sharply-defined  mazi- 
mmn  (see  Diagram  V).  Carve  A  is  the  curve  of  the  crater  of  the 
electric  light,  Cnrve  B  is  that  of  an  incandescent  light  produced  with 
thirty-eight  Grove's  cells,  and  Curve  C  that  produced  by  thirty 
Grove's  cells ;  the  same  lamp  being  used  in  both  cases.  The  current 
used  was  2'25  amperes  and  the  electromotive  force  5*1  volts  in  the 
last  case,  and  in  the  former  2*95  amperes  and  6'3  volts.  (The  deflec- 
tions of  the  galvanometer  attached  to  the  thermopile,  due  to  the  naked 
lights,  in  the  two  cases  were  as  105  to  207.)  The  thermogram  from 
a  source  of  mixed  temperatures  would  be  the  integration  of  those 
from  each  temperature  separately.  In  illustration  of  this  we  have 
taken  the  three  thermograms  just  mentioned,  and  transformed  them 
(see  Diagram  VI)  to  the  normal  scale  of  wave-lengths,  the  ordinates 
of  B  being  exaggerated  four  times,  and  those  of  C  eight  times.  Curve 
D  is  formed  by  making  the  ordinates  the  mean  between  those  of  A 
and  B,  and  the  ordinates  of  E  are  the  sums  of  those  of  D  and  C. 
Thus  E  would  represent  the  thermogram  of  a  source  composed  of 
the  temperature  of  the  positive  pole  of  an  arc  lamp,  an  incandescent 
lamp  worked  by  thirty-eight  cells  and  one  worked  by  thirty  cells,  in 
the  proportion  of  1,  4,  and  16.  In  these  last  two  curves,  there  is  a 
lump,  so  to  speak,  which  corresponds  approximately  in  position  to  that 
shown  in  Langley's  solar  curve  as  corrected  for  ^  inch  of  water  (see 
fig.  2,  Diagram  IV),  indicating  the  presence  of  energy  due  to  a  low 
temperature  source  or  sources.  The  mottling  on  the  sun's  disk  when 
seen  in  a  telescope  makes  it  evident  that  at  its  visible  surface  there  is 
aoonsiderable  range  of  temperature,  and  we  have  evidence  of  eclipse 
dbsexrations  that  outside  its  ordinarily  visible  surface  there  is 
igiiudi  matter  at  a  still  lower  temperature  which  is  competent  to  produce 
^  <xaitinuous  solar  spectrum.  With  these  amongst  other  facts 
tofrre  us,  we  are  disposed  to  doubt  whether  the  extra-atmospheric 
^p0cAnun  of  the  sun  would  give  such  a  simple  thermogram  as 
t)edkiBBOT  Langley  has  suggested,  and  whether  the  maximum  energy 
#0402  be  found  in  the  position  in  which  he  places  it.  We  believe 
iiuii  the  curve  would  have  a  form  rather  more  allied  to  our  Curve  E. 
*  Jtt  first  sight  it  might  appear  hopeless  to  try  and  affix  an  approxi- 
ifttte  Talue  to  any  solar  temperatures,  but  we  think  that  it  is  not 
ilayoeftible  to  determine  with  some  approach  to  probability  the  maxi- 
iteil  temperature  to  which  any  compound  curve  is  partially  due, 
ipit*  particularly  when,  as  in  the  case  before  us,  the  general  form  of 
tihi«orrected  curve  indicates  an  excess  in  quantity  of  low  temperature. 
lirtHi  an  inspection  of  the  curves  in  Diagram  V  it  appears  that  for 
a|{^  "liemperature  higher  than  that  of  Curve  A  the  position  of  the 
ijjrlmiiiii  will  be  but  very  slightly  shifted  towards  the  more  refrangi- 
Ubwid  of  the  spectrum,  also  that  the  general  form  of  the  curve  must 
be  similar  to  that  of  A,  and  that  the  areas  within  the  curves,  which 
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are  measnres  of  energy,  will  be  yerj  nearly  propordonal  to  the 
ordinates  of  the  maximum  or  to  ordinates  not  i^  from  them  on  the 
more  refrangible  side. 

Now  the  part  of  the  spectrum  which  suffers  least  absorption  by  water, 
and  which  in  the  solar  spectrum  is  free  from  any  yery  intense  Fraun- 
hofer  lines,  is  near  4  on  the  prismatic  scale.  It  has  been  shown  by 
Dewar,*  and  he  deduced  the  same  from  Bosetti's  formxda,  that  the 
temperature  of  the  source  is  nearly  proportional  to  the  square  root  of 
the  total  radiation,  or,  in  other  words,  of  the  area  of  the  thermogram 
curve.  The  incandescent  lamp  worked  by  thirty  cells  had  approximately 
a  temperature  of  1,100**,  and  the  same  when  worked  by  thirty-eight 
cells  of  1,500°,  and  the  areas  of  the  curves  in  the  two  cases  are 
as  106*4  to  50'4,  and  the  galvanometer  deflections  when  compared 
together,  as  already  stated,  as  105  to  207,  or  about  two  to  one  in 
both  cases.  This  would  give  about  the  temperatures  above  stafced, 
taking  either  one  as  correct.  The  area  of  the  curve  of  the  crater  is 
very  nearly  sixteen  times  that  of  the  thirty- eight  cell  curve,  or  the 
temperature  of  the  crater,  using  Dewar's  formula,  would  be  about 
6,000°,  a  temperature  corresponding  to  that  obtained  by  him. 

We  have  already  shown  at  what  point  of  the  solar  spectrum  aqueous 
absorption  has  least  effect^  and  if  we  may  calculate  from  this  the 
probable  area  of  the  curve  of  maximum  temperature.  In  our  pris- 
matic solar  thermogram  the  scale  of  the  ordinates  is  4*5  times  the 
scale  of  the  crater  thermogram,  but  the  ordinates  of  the  point  of  the 
spectrum  above  referred  to  are  nearly  equal.  Hence  the  highest  solar 
temperature  would  be  v^4^  x  6000^,  or  about  12,700°,  using  the  same 
relations  of  temperature  and  radiation.f  Taking,  however,  the  square 
root  of  the  whole  area  of  the  solar  curve,  as  would  be  the  case  when 
direct  and  not  spectrum  measurements  were  made,  we  should  get  a 
temperature  of  about  v^2  '5  times  that  of  the  crater,  or  9,600^,  a  tem- 
perature also  very  similar  to  that  obtained  by  Dewar  under  the  condi- 
tions specified. 

In  conclusion  we  say,  1st,  that  the  thermopile  experiments  have 
confirmed  our  previous  views  as  to  the  coincidence  of  the  absorptions 
by  water  and  those  shown  in  the  solar  spectrum;  2nd,  that  the 
extension  of  the  work  beyond  our  previous  point  emphasises  them ; 
3rd,  that  the  highest  temperature  of  the  sun  is  not  less  than  12,700°, 
1^  temperature  far  higher  than  that  which  has  been  recently  put  forward 
by  Sir  W.  Siemens ;  4th,  that  the  existence  of  a  large  quantity  of  solar 
radiation  due  to  low  temperature  has  been  shown  to  be  more  than 
probable. 

•  "Brit.  Abioc.  Bep.,"  1873,  p.  465. 

f  Since  this  paper  was  read  we  have  made  farther  experiments  in  regard  to  this 
TeUtion,  and  beliere  that  we  may  hare  to  modify  it,  reducing  the  temperature  some- 
what.—Jnlj  29. 
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Vin.  "Supplement  to  former  Paper  entitled — *  Experimental  In- 
quiry into  the  Composition  of  some  of  the  Animals  Fed  and 
Slaughtered  as  Human  Food,' — Composition  of  the  Ash  of 
the  Entire  Animals,  and  of  certain  Separated  Parts.**  By 
Sir  John  Bennet  Lawes,  Bart.,  LL.D.,  F.R.S.,  F.C.S^  and 
Joseph  Henry  Gilbert,  Ph.D.,  LL.D.,  F.R.S.,  V.P.C.S. 
Received  June  11, 1883. 

(Abstract.) 

In  a  former  paper  ("  Phil.  Trans.,"  Part  II,  1869)  the  authors  had 
given  the  actual  weights,  and  the  percentage  proportion  in  the  entire 
body,  of  the  individual  or/s^ans,  and  of  certain  more  arbitrarily 
separated  parts,  of  326  animals — oxen,  sheep,  and  pigs — in  different 
conditions  as  to  age,  maturity,  fatness,  &c.  They  called  particnlar 
attention  to  the  wide  difference  in  the  proportion  by  weight  of  the 
stomachs  and  intestines  in  the  three  descriptions  of  animal ;  the  pro- 
portion of  stomach  and  contents  being  7ery  much  the  highest  in  oxen, 
considerably  less  in  sheep,  and  little  more  than  one-tenth  as  much  in 
pigs  as  in  oxen.  On  the  other  hand,  the  intestines  and  contents  con- 
tributed  a  less  proportion  to  the  weight  of  the  body  in  oxen  than  in 
either  sheep  or  pigs ;  the  percentage  by  weight  in  pigs  being  nearly 
twice  as  high  as  in  sheep,  and  more  than  twice  as  high  as  in  oxen. 
With  these  very  characteristic  differences  in  the  proportion  of  the 
receptacles  and  first  laboratories  of  the  food,  the  other  internal  organs 
collectively,  as  also  the  blood,  contributed  a  pretty  equal  proportion 
by  weight  of  the  entire  body,  in  the  three  descriptions  of  animal. 

Ten  animals  had  been  selected  for  the  determination  of  the  chemical 
composition,  namely — a  fat  calf,  a  half-&t  ox,  and  a  fat  ox;  a  &t 
lamb,  a  store  sheep,  a  half-fat  sheep,  a  fat  sheep,  and  a  very  fat  sheep ; 
a  store  pig,  and  a  fat  pig.  In  these,  in  the  collective  carcass  parts,  in 
the  collective  offal  parts,  and  in  the  entire  bodies,  the  total  nitrogenons 
substance,  the  total  fat,  the  total  mineral  matter,  the  total  dry  sub- 
stance, and  the  water,  were  determined ;  and  the  results  were  recorded 
and  discussed  in  detail. 

It  was  shown  that,  as  the  animal  fattened,  the  percentage  of  niiaro- 
genous  substance  decreased  considerably,  whilst  that  of  the  fat  and  of 
the  total  dry  matter  increased  in  a  much  greater  degree.  It  was 
estimated  that  the  portions  of  well  fattened  animals  which  would  be 
consumed  as  human  food  would  contain  three,  four,  and  even  more 
times  as  much  fat  as  dry  nitrogenous  substance ;  and  comparing  such 
animal  food  with  wheat-flour  bread,  it  was  concluded  that,  taking  into 
consideration  the  much  higher  capacity  for  oxidation  of  a  given  weight 
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of  fat  ihan  of  staroh,  such  animal  food  contribated  a  much  higher 
proportion  of  non-nitrogenous  substance,  reckoned  as  starch,  to  one  of 
nitrogenous  substance  than  bread.  In  fact  the  introduction  of  our 
staple  animal  foods,  to  supplement  our  otherwise  mainly  farinaceous 
diet,  did  not  increase,  but  reduced,  the  relation  of  the  flesh-forming 
material  to  the  respiratory  and  fat-forming  capacity  of  the  food. 

Finally,  the  actual  unount,  and  the  percentage,  of  total  ash,  in  most 
of  the  internal  organs,  and  some  other  separated  parts,  were  given.  It 
was  shown  that  the  percentage  of  total  mineral  matter,  like  that 
of  the  nitrogenous  substance,  decreased,  not  only  in  the  entire  body, 
but  especially  in  the  collectiye  carcass  parts,  as  the  animals  matured. 
It  was  the  object  of  the  present  communication  to  record  the  results  of 
the  complete  analysis  of  the  ashes  of  the  collective  carcass  parts,  of  the 
collective  offal  parts,  and  of  all  parts,  of  each  of  the  ten  animals. 
Forty  complete  ash  analyses  had  been  made. 

As  was  to  be  expected,  more  than  four-fifths  of  the  ashes  consisted 
of  phosphoric  acid,  lime,  and  magnesia ;  these  making  up  the  largest 
amount  in  the  ash  of  the  oxen,  less  in  that  of  sheep,  and  less  still  in 
that  of  pigs.  Potash  and  soda  were  also  prominent  constituents. 
Assuming,  for  the  purposes  of  illustration  merely,  that  one  of  phos- 
phoric acid  was  combined  with  three  of  fixed  base,  the  ashes  of  the 
ruminants  showed  an  excess  of  base ;  whereas,  according  to  the  same 
mode  of  calculation,  the  ashes  of  the  pigs  showed  no  such  excess. 

It  was,  unfortunately,  only  in  the  case  of  the  offal  parts  of  the  pigs 
that  the  ash  of  the  chiefly  bony,  and  that  of  the  chiefly  soft  parta,  had 
been  analysed  separately.  The  results  showed  a  considerable  excess 
of  acid,  especially  phosphoric,  in  the  ash  of  the  non-bony  portions ; 
presumably,  in  part  at  any  rate,  due  to  the  oxidation  of  phosphorus 
in  the  incineration.  In  further  reference  to  the  point  in  question,  it 
may  be  stated  that  although  the  oxen  and  sheep  show  a  higher  per- 
centage of  total  nitrogenous  substance  than  the  pigs,  yet  the  amount 
of  pure  ash  yielded  from  the  non-bony  parts  is  higher  in  proportion 
to  that  from  the  bones  in  the  case  of  the  pigs  than  in  that  of  the 
ruminants. 

Comparing  the  percentage  composition  of  the  ashes  of  the  entire 
bodies  of  the  different  animals,  the  chief  points  of  distinction  were  that 
— ^in  the  ash  of  the  pigs  there  is  a  lower  percentage  of  lime,  and  a 
higher  percentage  of  potash  and  soda,  than  in  the  corresponding  ash  of 
the  ruminants ;  there  is  a  somewhat  higher  percentage  of  phosphoric 
acid  in  the  ash  of  the  pigs  and  of  the  oxen  than  in  that  of  the  sheep ; 
and  there  is  a  higher  percentage  of  sulphuric  acid  (and  somewhat  of 
chlorine  also)  in  the  ash  of  the  pigs  than  in  that  of  the  other  animals. 
A  table  showing  the  quantities  of  total  ash,  and  of  each  individual 
mineral  constituent,  in  each  of  the  ten  animals  analysed  was  given. 
Not  much  stress  was  laid  on  the  amounts  in  the  particular  animals 
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analjsed ;  as  the  actual  weigbts  and  condition  of  animals  ooming  under 
similar  designations  may  vary  considerably. 

It  was  of  more  interest  to  consider  the  amounts  of  the  mineral 
constituents  in  carcass  parts,  in  offal  parts,  and  in  all  parts,  per  1,000  lbs. 
&sted  live-weight,  of  each  description  of  animal. 

It  was  shown  that  a  giyen  Hve-weight  of  oxen  carried  off  mndi 
more  mineral  matter  than  the  same  weight  of  sheep,  and  a  given 
weight  of  sheep  much  more  than  the  same  weight  of  pigs.  With 
each  description  of  animal  the  amounts  of  phosphoric  add,  lime,  and 
magnesia,  are  less  in  a  given  live-weight  of  the  fatter  than  of  the 
comparable  leaner  individuals.  Of  both  potash  and  soda,  again,  the 
quantity  is  less  in  a  given  live-weight  of  the  fatter  animals.  The 
same  may  be  said  of  the  sulphuric  acid  and  the  chlorine ;  in  fact,  \n 
a  greater  or  less  degree,  of  every  one  .of  the  mineral  constituents. 

It  was  estimated  that  the  loss  to  the  farm  of  mineral  constituents 
by  the  production  and  sale  of  mere  &ttening  increase  was  very  smaJL 
It  was  greater  of  course  in  the  case  of  growing  than  of  only  fatten* 
ing  animals.  In  illustration,  the  amounts  of  some  of  the  most  impor- 
tant mineral  constituents  removed  annually  from  an  acre  of  fair 
average  pasture  and  arable  land  in  various  products  were  compared. 
Such  estimates  could  obviously  be  only  approximate,  and  the  quantities 
will  vary  considerably.  With  this  reservation,  it  may  be  stated  that, 
of  phosphoric  acid,  an  acre  would  lose  more  in  nulk,  and  four  or  five 
times  as  much  in  wheat  or  barley  grain,  or  in  hay,  as  in  the  fattening 
increase  of  oxen  or  sheep.  Of  lime,  the  land  would  lose  about  twice 
as  much  in  the  animal  increase  as  in  milk,  or  in  wheat  or  barley 
grain ;  but  perhaps  not  more  than  one-tenth  as  much  as  in  hay.  Of 
potash,  again,  an  acre  would  yield  only  a  &»ction  of  a  pound  in 
animal  increase,  six  or  eight  times  as  much  in  milk,  twenty  or  thirty 
times  as  much  in  wheat  or  barley  grain,  and  more  than  100  times  aa 
much  in  hay. 

From  the  point  of  view  of  the  physiologist,  it  would  doubtless  have 
been  desirable  that  the  selection  of  parts  for  the  preparation  and 
analysis  of  the  ash  should  have  been  different,  and  more  detailed. 
The  agricultural  aspects  of  the  subject  had,  however,  necessarily 
influenced  the  course  of  the  inquiry ;  and  the  extent  of  the  essential 
work  had  enforced  the  limitation  which  had  been  adopted.  The 
results  must  be  accepted  as  a  substantial  contribution  to  the  chemical 
statistics  of  the  feeding  of  the  animals  of  the  farm  for  human  food. 


Digitized  by 


Google 


1883.]     Solubility  of  Salts  in  Water  at  High  Temperatures.       345 


IX.  "On  the  SolubiUty  of  Salts  in  Water  ^t  High  Temperatures.'' 
By  William  A.  Tilden,  D.Sc.  Lond.,  F.R.S.,  Professor  of 
Chemistry  in  the  Mason  Science  College,  Birmingham,  and 
W.  A.  Shenstone,  F.T.C,  F.C.S.,  Lecturer  on  Chemistry  in 
Clifton  College,  Bristol.    Received  June  19,  1883. 

(Abstract.) 

This  paper  contains  an  account  of  experiments  made  with  the  view 
of  determining  the  solnbility  of  salts  in  water  at  temperatures  above 
the  boiling  point  of  water.  They  were  originallj  undertaken  with  the 
object  of  farther  investigating  the  anomalies  presented  by  sulphate  of 
soda,  but  the  method  adopted  was  afterwards  applied  to  many  other 
metallic  salts,  and  the  paper  presents  an  account  of  determinations  so 
made,  together  with  a  discussion  of  the  theoretical  bearing  of  the 
results. 

The  main  conclusion  arrived  at  is  that  solubility  is  directly  related 
to  fusibihty.  Of  the  salts  operated  upon  some  habitually  crystallise 
with  water  of  crystallisation,  others  habitually  in  the  anhydrous  state. 
When  the  latter  are  written  down  in  the  order  of  their  melting  points,, 
beginning  with  the  most  fusible,  it  is  observed  that  increase  of 
solubility  consequent  upon  a  given  rise  of  temperature  above  100**  C.,. 
is  greatest  in  the  most  fusible,  least  in  the  least  fusible,  and  all  the 
cases  observed  follow  this  rule  in  regular  order.  If  the  results  are 
represented  graphically,  taking  for  abscissae  the  degrees  of  tempera- 
ture and  for  ordinates  the  quantity  of  salt  dissolved  in  100  parts  of 
water,  it  is  at  once  seen  that  the  higher  the  melting  point  the  more 
nearly  do  the  carves  so  constructed  approach  a  straight  line.  The 
relation  is  illustrated  by  the  case  of  the  chloride,  bromide,  and  iodide 
of  potassium,  the  solubilities  of  .which  at  all  observed  temperatures 
follow  the  order  of  the  melting  points.  Also  in  comparing  together 
two  snch  salts  as  chlorate  and  chloride  of  potassium,  the  solubilities  and 
melting  points  of  which  are  as  follows,  the  curves  cutting  each  other 
at  100** :— 


Melting 
point. 

Solubility  at 

(f. 

100«. 

180°. 

lS(f. 

Potawiimrt  chlom-t^ . .  t  « r .  * .  t  t . 

869* 

734^ 

8  8 

29-2 

66-5 
66-5 

8S-6 
66 

190 
78 

„          chloride 

As  to  sulphate  of  sodium  the  solubility  increases  as  the  temperature 
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rises  from  0°  to  34'',  the  melting  point  of  the  decahjdrated  salt 
NajSO^.lOHjO.  Thereafter  the  solubility  diminishes  till  the  tem- 
perature of  120°  is  reached.  From  120°  to  140°  we  find  the  chang©  if 
any  is  inappreciable,  but  at  160°  a  notable  increase  of  solubility  is 
observed,  which  is  still  further  increased  at  180**  and  at  230°,  the 
highest  temperature  rea^ched. 


Parts  by  weight  of  anhydrous  sulphate  of  sodium  dissolyed  by  100  parte 

of  water  at 

0«. 

34^ 

lOO*'. 

120^ 

140^ 

160^ 

180°. 

280°. 

6 

78-8 

42-7 

41-96 

42  00 

42-9 

44-25 

46-4 

In  view  of  these  and  other  facts,  theories  of  hydration  can  no  longer 
he  admitted  as  competent  to  explain  the  act  of  solution  in  all  or  eyen 
more  than  a  few  cases. 


X.  "On  the  Determination  of  the  Number  of  Electrostatic 
Units  in  the  Electromagnetic  Unit  of  Electricity."  By  J. 
J.  Thomson,  M.A.,  Fellow  and  Assistant  Lecturer  of  Trinity 
College,  Cambridge,  Communicated  by  Lord  Bayleigh, 
F.R.S.    Received  June  19,  1883. 

(Abstract.) 

This  paper  contains  an  account  of  some  experiments  which  have  been 
made  during  the  last  two  years  in  the  Cavendish  Laboratory,  Cam- 
bridge. These  experiments  were  made  to  determine  **«"  by  com- 
paring the  electrostatic  and  electromagnetic  measures  of  the  capacity 
of  a  condenser.  The  condenser  consisted  of  two  cylinders  fitted  with 
guard-ring  pieces.  The  electrostatic  measure  of  the  capacity  was 
calculated  from  the  dimensions  of  this  condenser.  The  electromag- 
netic measure  of  the  capacity  was  determined  by  a  very  slight  modifi- 
^jation  of  the  method  given  in  §  775  of  Maxwell's  "  Electricity  and 
Magnetism."  In  this  method  the  condenser  has  to  be  repeatedly 
charged  and  discharged  by  a  commutator,  and  a  very  elaborate  com- 
mutator would  be  required  to  work  the  guard-ring  part  of  the  con- 
•denser ;  for  this  reason  the  capacity  of  the  guard-ring  condenser  was 
experimentally  compared  with  the  capacity  of  another  condenser 
without  a  guard-ring,  the  capacity  of  the  latter  being  altered  ontil 
the  capacities  of  the  two  condensers  were  equal.  The  electromag- 
netic measure  of  the  capacity  of  the  condenser  without  a  guard* 
Ting  was  then  determined  by  Maxwell's  method.    The  ratio  of  the 
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electrostatic  to  the  electromagnetic  measme  of  the  capacity  is  v^. 
The  result  of  the  experiments,  nsing  Lord  Rayleigh*s  value  of  the 
ohm,  was  that 

"  V  "=2-963  X  low  in  C.G.S  units. 


XI.  **  On  the  Molecular  Weights  of  the  Substituted  Ammonias. 
No.  I.  Triethylamine."  By  James  Dewar,  M.A.,  F.R.S., 
Jacksonian  Professor,  Cambridge,  and  Alexander  Scott, 
MJl.,  D.Sc.    Received  June  21,  1883. 

The  conduct  of  the  experiments  relating  to  a  new  determination  of 
the  atomic  weight  of  manganese  recently  communicated  to  the  Society* 
has  led  us  to  prosecute  some  further  studies  in  this  field  of  research. 
The  following  note  deals  with  the  preliminary  results  arrived  at  re- 
garding the  molecular  weight  of  a  member  of  a  class  of  bodies  which, 
strange  to  say,  have  not  been  previously  selected  for  accurate  determi- 
nations of  this  kind.  The  substituted  ammonias  are  peculiarly  fitted  to 
reveal  the  effect  of  small  differences  from  whole  numbers  in  the  con- 
joint values  of  the  atomic  weights  of  carbon  and  hydrogen.  By  selecting 
tertiary  amines  of  high  molecular  weight  it  is  possible  to  integrate 
these  small  positive  or  negative  increments  through  the  increase  in  the 
number  of  carbon  and  hydrogen  atoms  in  the  substituting  radical.  There 
is  also  a  special  advantage  in  employing  the  fully  saturated  ammonium 
derivatives  for  experiment.  Theoretically  it  ought  to  be  possible  to 
ascertain  by  this  method  whether  the  atomic  weight  of  hydrogen 
differs  from  unity,  provided  the  atomic  weight  of  carbon  be  accepted 
as  sufficiently  weU  defined,  from  other  methods  of  investigation.  The 
difficulty  of  getting  perfectly  pure  substances  for  such  work,  together 
with  the  hygroscopic  character  of  the  ammonium  compounds,  introduces 
serious  difficulties,  and  for  the  purpose  of  testing  the  accuracy  of  the 
proposed  method,  the  preliminary  experiments  have  been  made  with 
triethylamine. 

The  triethylamine  employed  was  made  by  the  action  of  chloride  of 
ethyl  on  ammonia,  and  was  transformed  into  the  bromide  of  tetraethyl- 
ammonium.  This  bromide  of  the  fully  substituted  ammonium  was 
decomposed  by  dry  distillation  into  triethylamine  and  bromide  of 
ethyl,  and  the  base  separated  in  the  form  of  the  chloride.  The  free 
base  was  separated  from  the  chloride  with  caustic  potash,  and  after 
careful  drying  with  anhydrous  oxide  of  potassium  was  subjected 
to  fractional  distillation.  The  portion  boiling  between  90°  and  9V 
was  converted  into  the  hydrobromate  and  its  equivalent  relation  to 

•  "  On  the  Atomic  Weight  of  Manganese,"  **  Frac.  Boy.  Soc.,"  yoI.  85,  p.  44. 
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silver  determined,   after  the  metbod  of   Stas,  with  the  following 
results : — 


Weight  of  salt 
in  yacuo. 
6-6248 
8  -24088 


Weight  of  silyer 
in  Taouo. 

3  -9219 

4  -8798 


Molecular  weight 

of  (C,H,)3N.HBr. 

182  -313 

182  -270 


A  portion  of  the  same  fraction  of  the  base  was  now  treated  with 
nitrous  acid  in  order  to  eliminate  traces  of  primary  and  secondaiy 
amines,  and  the  titration  repeated  with  the  following  resnlts  : — 


Weight  of  salt 
in  Tacuo. 
5  -3165 
4  -6237 


Weight  of  ailyer 
in  yacuo. 
3-1619 
2  -74194 


Molecular  weight 
of  (C,Hs)8N.HBr. 
182  052 
182  001 


The  effect  of  the  nitrous  acid  treatment  has  been  to  lower  th& 
molecular  weight,  thus  proving  the  presence  of  small  quantities  of 
bases  derived  from  more  complicated  radicals  than  ethyl,  probably 
propylamine. 

After  these  preliminary  determinations  the  whole  of  the  sample 
of  triethylamine  was  fractionated  with  great  care,  and  the  por- 
tion boiling  between  90°  and  91°  C.  selected  for  a  repetition  of  the 
process.  The  middle  portion  of  this  second  distillation  boiling 
between  90°'2  and  90°-4  was  again  separated  into  three  fractions  bj  a 
new  distillation  and  the  molecular  weights  of  the  respective  samples 
of  the  base  determined.  The  following  table  gives  the  results  of  the 
different  titrations : — 


Weigbt 

Weight 

Molecular 

of  salt  in 

of  silver  in 

weight  of 

Remarks. 

I.... 

yacuo. 

yacuo. 

(C,H,)aN.HBr. 

7  06272 

4  18778 

182  025 

First    samples,    boiling 

point  90-9r. 

II.... 

6-4418 

3-8199 

182-011 

Second  fraction    of    I, 
boiling  point  90^-2— 
90»-4. 

ra.... 

15  "46766 

9-18495 

181-756 

First  portion  of  11  re- 
fractionated. 

IV.... 

11  -95685 

7-0902 

182-012 

Middle  and  chief  por- 

ated. 

v.... 

18 -9522 

8-2664 

182  166 

Highest    boiling    point, 
portion  of  II  refrao- 

tionated. 

The  molecular  weights  of    the  different   samples   clearly  prove 
that  the  base  is  not  homogeneous,  the  presence  of  bases  of  higher 
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and  lower  molecular  weights  being  reyealed  bj  tbe  analysis.  No 
donbt,  the  amount  of  this  impnritj  is  exceedingly  small,  but  still 
snfficient  to  prevent  a  definite  conolnsion  being  reached  as  to  the 
correct  yalne  for  pnre  triethylamine.  As  Stas*s  method  of  titration 
is  capable  of  giving  concordant  results  within  one  ten-thousandth 
of  the  molecular  weight,  the  large  variation,  amounting  to  one  four 
hundred  and  fortieth  of  the  mean  molecular  weight  of  the  first  and 
third  sample  of  the  last  fractionation,  shows  that  the  material  is  by  no 
means  pure  enough  for  the  problem  we  desire  to  solve.  At  the  same 
time,  the  middle  and  largest  portion  of  the  last  distillation  has  probably 
a  molecular  weight  very  near  that  of  the  pure  base,  and  may  provi- 
sionally be  accepted.  If  the  molecular  weight  of  the  hydrobromate  is 
182*012,  then  the  value  for  triethylammonium  is  102061 ;  and  if  we 
subtract  from  this  the  value  for  ammonium  found  by  a  similar  method 
of  titration,  viz.,  18*074  (Stas),  the  resulting  number  83*987  is  the 
molecular  weight  of  the  hydrocarbon  molecule  C^H^j*  ^his  value  is 
probably  as  accurate  a  value  of  the  molecular  weight  of  a  hydrocarbon 
as  has  been  hitherto  determined,  and  is  sufficient  to  prove  that  if 
hydrogen  has  the  atomic  weight  of  unity,  then  carbon  is  twelve, 
and  thus  the  addition  of  six  atoms  of  carbon  to  twelve  atoms  of 
hydrogen  results  in  a  compound  the  molecular  weight  of  which 
may  be  expressed  as  a  whole  number,  viz.,  84,  within  the  limits 
of  experimental  error.  This  value  may  be  due  to  the  summa- 
tion of  positive  and  negative  variations  from  the  respective  values 
of  1  and  12  for  hydrogen  and  carbon  required  by  Prout*s  law, 
and  therefore  in  itself  would  not  prove  anything  about  the  law 
of  whole  numbers  in  either  atom,  unless  other  methods  enabled  the 
atomic  weight  of  carbon  or  hydrogen  to  be  otherwise  defined. 
Now  the  labours  of  Damas  and  Stas  have  shown  that  if  oxygen  is 
taken  as  16,  then  carbon  is  12005,  so  that  the  number  83*987  for 
C^H^^  would  necessitate  hydrogen  being  rather  less  than  1  instead 
of  being  more,  as  generally  acknowledged  when  0=16  is  taken 
as  the  standard.  Whatever  conclusions  further  investigation  may 
induce  chemists  to  adopt,  there  can  be  no  doubt  the  present  method 
is  capable  of  very  great  refinement  in  the  determination  of  the 
molecular  weights  of  hydrocarbon  radicals,  and  when  exhaustively 
treated  must  lead  to  results  of  importance.  We  intend  to  continae 
this  investigation,  employing  other  bases  than  triethylamine,  and 
trust  to  reach  more  definite  conclusions  by  working  on  material  of 
greater  purity.  We  will  leave  for  future  discussion  Schiitzenberger's 
investigation  on  the  variability  of  the  atomic  weight  of  carbon,  which 
is  very  far  from  being  confirmed  by  the  method  of  verification  we  have 
adopted. 
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XII.  *'  Contributions  to  the  Anatomy  of  the  Hirudinea."  By 
Alfred  Gibbs  Bourne,  B.Sa  Lond.,  University  Scholar  in 
Zoology,  and  Assistant  in  the  Zoological  Laboratory, 
University  College,  London.  Communicated  by  Dr.  M. 
Foster,  Sec.  R.S.    Received  June  21,  1883. 

(Abstract.) 

The  author  has  investigated  the  following  genera : — 

Rhtncobdellidjs. — Fontohdella,  Piscicola,  Clepsine,  BrancheUion. 

Gnathobdellidjc. — AulostoTna^  HoBmopiSy  Hirudoy  HoerrMdipsa^  JVc- 
phelts,  Trocheta. 

The  author  gives  a  bibliography  of  the  most  important  literature 
upon  the  group  since  the  appearance  of  Moquin-Tandon's  monograph. 

External  Characters  a/nd  Evidences  of  Segmentation, 

The  author,  in  attempting  to  answer  the  question — How  far  in  the 
series  of  Hirudinean  genera  do  external  characters  express  the  meta- 
merioally  segmented  nature  of  their  organisation? — follows  in  the 
footsteps  of  Gratiolet  and  Yaillant,  who  have  dealt  with  Hirudo  and 
Fontohdella  respectively  in  this  connexion.  The  further  question — 
How  far  do  such  metameres  represent  the  somites  of  a  bristle-bearing 
worm  ? — first  suggested  itself  to  the  mind  of  De  Quatrefages. 

The  author  shows  that  these  external  evidences  of  metamerism  in 
Tontohdella  are  most  complete,  and  further  that  they  have  a  precise 
relation  to  the  metamerism  expressed  by  the  internal  organisation. 
The  normal  somite  here  presents  four  annuli  of  varying  size,  each 
with  its  special  and  distinct  arrangement  of  papillae. 

The  clitellxmi  involves  two  reduced  somites,  each  consisting  of  two 
annuli,  the  generative  pores  being  placed  between  these  respectively. 
The  nerve-cord  exhibits  a  corresponding  condensation  in  this  region. 
Twenty  somites  can  be  readily  distinguished,  while  posteriorly  there 
are  indications  of  several  others,  which  is  in  accordance  with  the 
existence  of  twenty- three  post-oral  ganglia  and  witb  Leuckart's  obser- 
vations (Minido)  upon  the  condensation  of  an  even  greater  number  of 
primitively  separate  ganglia  in  this  region.  They  are  rudiments  of 
originally  existing  somites. 

In  Braiichellion  it  may  be  shown  that  three  annuli  comprise  the 
somite,  that  in  the  median  region,  while  every  annulus  bears  a 
Inranchia  (lateral  appendage),  the  most  anterior  annulus  of  the  somite 
bears  a  vascular  dilatation  at  the  base  of  its  branchia. 

Similar  dilatations,  although  in  a  more  rudimenl^ry  condition,  exist 
in  a  similar  position  in  PweteoZa,  Olepsine,  and  PontobdeUa. 
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In  Hirudo  the  external  evidences  of  metamerio  segmentation  are  not 
RO  prononnced,  but  minnte  examination  shows  tliat  point  for  point 
Hirudo  agrees  almost  absolutely  with  PontobdeUa.  The  somite  com- 
prises five  annnli,  the  clitellnm  three  somites,  the  generative  pores 
being  placed  in  the  two  more  posterior. 

There  is  an  absolute  regularity  in  the  position  of  the  nephridal 
pores,  these  occurring  in  the  posterior  annulus  of  a  somite. 

The  internal  organisation  bears  the  same  relation  to  these  external 
characters  which  was  stated  to  obtain  in  Pontohdella,  The  similar 
characters  of  other  genera  are  less  fully  dealt  with. 

The  external  characters  thus  express  in  the  fullest  manner  the 
metamerically  segmented  character  of  the  internal  organisation,  and 
these  relations  are  identical  throughout  the  group. 

Shin. 

The  skin  consists  of — 

1.  Cuticle. 

2.  Epidermis. 
8.  Dermis. 

Culicle. — This  presents  similar  characters  throughout  the  group. 

Bpidermis, — This  consists  throughout  the  group  of  a  single  layer  of 
nocleated  cells.     These  vary  in  size  in  different  genera. 

Two  varieties  of  connective  tissue  may  intrude  upon  the  series  of 
epidermic  cells : — 

1.  Pigmented  connective  tissue  cells,  and 

2.  Capillaries  of  the  vascular  system. 

No  pigment  is  ever  developed  in  the  epidermic  cells  themselves,  as 
is  the  case  in  Feripatus  (Balfour).  The  extent  to  which  this  intrusion 
takes  place  (in  respect  of  the  pigmented  tissue  at  any  rate)  varies 
much  in  genera  and  species,  and  even  in  individuals.  In  mosfc  leeches 
it  varies  also  from  point  to  point,  producing  the  coloured  pattern  upon 
the  sur&ce  of  the  body. 

The  intrusion  of  capillaries  only  takes  place  in  the  GnathobdellidsB ; 
in  the  BhyncobdellidsB  they  stop  short  of  the  epidermic  series  of  cells 
or  merely  insert  themselves  between  the  bases  of  these  cells. 

Two  modifications  of  epidermic  cells  may  take  place — * 

1.  They  may  become  glandular. 

2.  They  may  become  sensory. 

1.  Epidermic  Qlande, — Two  kinds  of  epidermic  glands  are  to  be 
distinguished. 

i.  Mucous  glands. — These  remain  dermic  in  position  and  occur  all 
over  the  surface  of  the  body.  They  may  remain  small,  and  in  the 
series  of    epidermic    cells  not  passing   below  them   (^Piscicola)^  or 

*  The  aathor  takes  no  aoooant  here  of  the  origin  of  the  nephridia ;  they  may  he, 
howeyer,  glandular  modificationB  of  epidermic  cells,  but  if  so  are  much  specialised. 
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becomiDg  larger,  they  acquire  a  narrow  neck  and  lie  in  the  dermic 
lajer  of  the  skin. 

They  attain  a  larger  sise  among  the  BhyncobdellidiB  than  among 
the  GnathobdellidaB,  becoming  immense  in  BrancheUion, 

ii.  Glands  which  have  taken  up  a  '*  deep  "  position  among  or  even 
within  the  moscolar  bandies.  They  present  three  well  marked 
varieties. 

a.  8alvva/ry  OlcMds, — These  occnr  in  all  the  genera,  in  the  region  of 
the  pharynx,  whether  that  be  protrosible  or  not.  In  the  former  case 
they  open  directly  into  its  lamen,  in  the  latter  their  dacts  enter  into 
its  base  and  open  along  its  extended  Inmen.  When  the  pharynx 
is  protmded  they  are  mnch  stretched,  when  withdrawn,  thrown  into 
folds. 

j3.  CliteUar  Olands, — These  appear  to  occor  in  all  the  genera 
except  Clepsine,  in  which  genus  no  cocoon  is  formed  for  the  eggs. 
They  are  exceedingly  abnndant.  In  the  Bhyncobdellidsd,  Pisdeolay 
Pontohddla,  and  BrancheUion  they  occnr  even  far  back  in  the  body, 
and  send  their  dncts  forward  in  bundles  to  open  upon  the  surface  of 
the  clitellnm. 

7.  Prostomial  Olands, — The  author  has  observed  this  variety  in 
Hirudo^  Autostoma^  NepheUs,  and  Trocheta,  They  form  clear  contents 
and  send  ducts  forwards  to  open  upon  the  prostomial  region.  They 
occur  all  round  the  mouth,  but  in  great  number  in  the  prostominm. 
The  author  has  not  been  able  to  determine  their  function. 

2.  Sensory  Cells, — The  author  has  not  dealt  with  this  modification 
of  epidermic  cells.  Leydig  has  given  full  descriptions  of  these  and 
their  derivatives. 

Bemvis. — ^This  lies  between  the  epidermis  and  the  circular  muscles 
of  the  body- wall. 

It  consists  of  a  matrix  of  connective  jelly  (for  these  and  other  terms 
with  regard  to  the  connective  tissues  the  author  is  indebted  to  a 
paper  by  Professor  Lankester  "  On  the  Connective  and  Vasifactive 
Tissues  of  the  Medicinal  Leech"),  in  which  are  to  be  found  the 
various  forms  of  connective  tissue  cell  described  below,  numerous  and 
large  blood-vessels,  and  short  muscular  fibres. 

The  muscular  fibres  are  not  found  in  Olepsine^  N^helts,  or 
Trocheta. 

The  lateral  appendages  in  BrancheUion  are  dermic  developments. 

All  the  connective  and  vasifactive  elements  in  the  dermis,  form  a 
packing  to  the  mucous  glands  of  the  epidermis. 

Muscles, 

The  author  describes  the  general  arrangement  of  the  muscles, 
recognizing — 

Muscles  of  the  body- wall. 
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Dorso- ventral  and  radial  mnscles. 

Mnscles  in  the  wall  of  tbe  alimentary  canal. 

With  regard  to  the  pharynx  and  its  muscles,  the  protrasible 
pharynx  of  the  RhyncobdellidsB  is  to  be  regarded  as  representing  the 
i^hole  body  in  that  region,  rather  than  as  merely  a  central  region ; 
when  protmded  it  is  in  fact  an  anterior  portion  of  the  body.  The 
manner  in  which  it  protrudes  and  recedes  into  a  temporary  sac 
would  suggest  this,  but  comparison  between  its  structure  and  the 
structure  of  the  whole  anterior  portion  of  the  body  in  the  Gnatho- 
bdellidffl  shows  that  such  is  the  case.  This  can  only  be  made  clear 
by  a  series  of  figures  which  the  author  gives. 

Muscles  developed  in  tbe  walls  of  blood-vessels. 

Muscles  developed  in  connexion  with  the  generative  glands. 

Muscles  in'  the  walls  of  the  vesicle  of  the  nephridium. 

Muscles  developed  in  the  skin. 

Histological  Characters  of  the  Muscles, 

The  muscles  are  formed  of  elongated  cells  arranged  either  in  bundles 
•or  lying  singly. 

These  cells  may  be  much  branched ;  such  branched  cells  occur  upon 
the  wall  of  the  alimentary  tract,  and  among  the  dorso- ventral  muscles. 
The  cells  consist  of  a  cortical  and  medullary  substance,  greatly 
differentiated  from  one  another.  The  medullary  substance  is  granular 
and  lodges  a  large  oval  nucleus  in  all  cases. 

Connective  and  Vasifactive  Tissue, 

The  author  has  worked  out  the  histology  of  the  connective  sub- 
stance, and  traced  its  various  metamorphoses  throughout  the  group. 

The  matrix  consists  of  a  jelly-like  substance,  which  varies  much  in 
amount  in  different  genera ;  its  amount  determines  the  *'  limpness  "  or 
rigidity  of  the  leech.  Hmmopis  and  Aulostoma^  whose  bodies  are 
always  '*  limp,"  possess  a  great  quantity,  while  Glepsine  and  NepJielis, 
whose  bodies  are  rigid,  possess  very  little. 

In  the  matrix  are  embedded  indifferent  corpuscles. 

The  corpuscles  undergo  certain  metamorphoses : — 

1.  Entoplastic  metamorphosis — ^the  cell  preserving  a  rounded  form 
— ^Vacuolated  cells — Fat  cells. 

A  semi-fluid  substance  accumulates  in  droplets  in  the  cell,  giving  it 
:a  reticulately  vacuolated  appearance ;  such  cells  resemble  Waldeyer's 
plasma  cells.     They  are  very  common  in  Fontohdella. 

Fat  globules  also  accumulate,  and  running  together  form  fat  cells, 
similar  in  character  to  the  fat  cells  of  Vertebrata.  This  occurs  in 
Glepsine  and  Piscicola,  This  substance  formed  presents  all  the  cha- 
xacters  and  reactions  of  fat. 
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Bounded  connective  tissue-cells  are  rare  among  the  Gnathobdel- 
lidflB,  Troeheta  being  the  onlj  genus  which  presents  such.  They 
occur  in  masses,  and  are  also  very  generally  arranged  in  rows,  pro- 
bably prior  to  their  conversion  into  botryoidal  tissue. 

2.  Ectoplastic  metamorphosis — the  cells  forming  fibres. 

The  cells  of  most  wide-spread  occurrence  are  cells  which  have  elon- 
gated, and  it  may  be  branched  and  formed  fibres. 

It  is  possible  to  trace  this  process ;  a  slightly  irregular  cell  elon- 
gates more  and  more,  and  its  processes  become  drawn  out,  so  that 
ultimately  little  cell-substance  is  left  and  a  long  very  fine  fibre  is 
produced,  the  cell  all  the  time  doubtless  adding  to  matrix. 

In  Pontohdella  these  fibres  may  become  elastic.  They  always  run 
singly. 

3.  Ect-entoplastic  metamorphosis — the  cell  developes  pigment, 
a.  The  cells  take  no  part  in  the  formation  of  a  vascular  system. 
This  series  of  modifications  is  well  seen  in  Pontohdella.     Indifferent 

cells  develope  pigment;  this  may  be  traced,  originating  in  young- 
animals  (recently  hatched). 

Such  cells  either  remain  rounded  or  they  divide  into  irregular 
groups,  and  afterwards  become  much  branched.  The  process  may 
be  shortened,  the  cell  branching,  and  forming  pigment  simultaneously. 

The  rounded  cells  lie  more  deeply,  the  branched  cells  lie  more- 
superficially,  and  form  the  pigment  of  the  dermis. 

ft.  The  cells  take  part  in  the  formation  of  a  vascular  system — 
Botryoidal  tissue — "  Vasofibrous  "  tissue. 

A  set  of  modifications  similar  to  those  just  described  takes  place, 
but  intracellular  vacuolation  taking  place  at  the  same  time  vascular- 
spaces  are  formed.  These  come  in  communication  with  the  capillaries 
of  the  true  vascular  system  on  the  one  hand,  and  with  the  sinuses  on 
the  other. 

4.  Entoplastic  metamorphosis — Vacuolation  to  form  Capillaries. 
The  capillaries  of  the  trne  vascular  system  are  probably  formed  by 

the  vacuolation  of  indifierent  connective  tissue  cells. 

It  may  be  noticed  here  that  in  forms  where  no  canalisation  of  pig* 
mented  cells  has  occurred,  the  blood  is  always  colourless,  while  in 
forms  with  red  blood  such  canalisation  of  pigmented  tissue  has 
occurred  in  the  formation  of  the  vascular  system. 

Blood  and  Blood  Spaces. 

Blood. — In  the  Rhyncobdellidsd — 
The  blood  is  colourless. 

Colourless  amcBboid  corpuscles  occur  in  very  large  numbers,  but 
present  no  remarkable  histological  characters. 
In  the  Gnathobdellidae — 
The  blood  is  red,  the  plasma  containing  dissolved  hadmoglobin. 
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Colourless  amceboid  cells  certamlj  occur  in  large  numbers.  In 
Nephelis  and  Trocheta  these  are  almost  as  large  as  in  ForUohdella. 

In  Hirudo  and  Atilostoma  these,  althoagh  not  so  large,  undoubtedly 
exist  in  large  numbers,  in  addition  to  free  nuclei. 

The  blood  in  all  the  genera  coagulates  rapidly  when  withdrawn 
from  the  body,  filaments  of  fibrin  or  some  allied  substance  can  be 
seen  forming  on  the  slide. 

Blood  Spaces. — These  belong  to  two  different  systems,  which  are, 
however,  in  direct  communication,  there  being  only  one  fluid.  The 
author  shows  that  one  system  represents  the  closed  vascular  system, 
while  the  other  represents  coslom,  vessels,  and  sinuses. 

The  vessels  may,  to  a  certain  extent,  be  distinguished  by  their 
muscular  walls,  the  walls  of  the  sinuses  not  being  muscular. 

Ck>mmunications  between  these  two  systems  of  spaces,  vessels  and 
sinuses  exist  only  at  certain  definite  spots,  as  in  the  Bhyncobdellidse ; 
the  vascular  dilatations  at  the  sides  of  the  body  which  are  most  fully 
developed  in  Bram^ckeUion  affording  means  of  communication ;  or  else 
the  spaces  establishing  that  communication,  although  very  numerous, 
have  a  special  mode  of  formation  and  a  special  nature,  such  spaces 
constitute  botryoidal  tissue  (GnathobdellidaB). 

The  author  describes  at  length  the  distribution  of  the  vessels  and 
sinuses. 

The  conclusion  at  which  the  author  has  arrived  concerning  the 
coelom  in  the  Hirudinea  may  be  thus  summed  up : — 

The  somewhat  scanty  embryological  evidence  which  exists  upon  this 
point  favours  the  view  that  the  coelom  developes  by  a  splitting  in  the 
mesoblast ;  that  it  is,  in  fact,  that  modification  of  an  enterocoele  which 
Professor  Huxley  has  termed  a  schizocoele. 

This  cavity  persists  to  some  extent  in  all  the  genera,  and  while  it 
remains  most  fully  developed  in  the  Bhyncobdellidas,  it  is  reduced  to  a 
minimum  in  Nephelis  and  Trocheta,  being  then  represented  only  by  the 
ventral  sinus  and  its  immediate  branches. 

In  the  BhyncobdellidaB,  at  any  rate  in  Olepsiney  Pontohdella,  and 
Branchellion,  the  coelomic  renmants  (sinuses)  continue  to  be  lined 
with  coelomic  epithelium  cells.  In  many  places  they  form  a  continuous 
layer,  but  generally  some  of  them  have  become  free  and  are  to  be  seen 
floating  in  the  blood.  These  free  coelomic  epithelium  cells,  which  are 
much  larger  than  the  ordinary  blood  corpuscles,  are  only  to  be  seen  in 
the  sinuses;  they  are  probably  too  large  to  pass  through  the  com- 
municating channels.  In  the  Gnathobdellidae  there  is  no  trace  of  such 
cells. 

A  process  has  been  taking  place,  which  the  author  proposes  to  term 
diacoslosis — a  '*  scattering  of  the  coelom  " — connective  tissue  growths 
having  more  or  less  completely  filled  it  up,  the  remnants  forming  the 
sinus  system.     Different  remnants  remain  in  different  genera. 

2  A  2  ^ 
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The  organs  which,  in  animals  possessing  a  well-deyeloped  coelom, 
lie  within  that  coelom,  either  get  blocked  ont  bj  connectiye  tissne 
growth  or  remain  enclosed  in  the  remnants.  The  same  organs  maj 
remain  in  different  remnants  in  different  genera.  No  better  instance 
can  be  given  of  this  than  the  varying  position  of  the  nephridial  funnel 
in  Glepsiney  Pontohdella^  and  Hirudo, 

The  lamen  of  the  existing  coelom,  as  above  described,  comes  into 
communication  with  the  lumen  of  a  true  vascular  system,  which  was 
probably  either  derived  at  a  very  early  period  from  the  archaic 
enterocodle,  or  was  formed  independently  by  hollowing  in  connective 
tissue  cells.  That  the  communication  between  the  two  is  of  a 
secondary  nature,  and  not  a  persistence  of  the  original  communica- 
tion, which  must  have  existed  if  one  developed  from  the  other,  is 
indicated  by  the  existence  of  colourless  amoeboid  cells  in  the  ovarian 
sac  and  around  the  vas  deferens  in  Hirudo,  These-  were  probably 
closed  at  a  very  early  period  before  the  development  of  hemoglobin. 
This  may  have  a  phylogenetic  bearing  only,  but  it  may  very  possibly 
be  a  process  which  is  repeated  ontogenetically. 

The  development  of  new  coelomic  space  (botryoidal  tissue)  may  be 
termed  pseudoccBiosis., 

That  this  new  space  is  "  coelomic  "  is  amply  demqnstrated  by  the 
fact  that  in  its  highest  development  it  encloses  the  nephridial  funnel 
(Nephelis),  and,  further,  that  such  perinephrostomatous  portions  of  it 
may  acquire  a  definite  musculature  and  the  "  botryoidal "  cells  become 
modified  to  form  a  secondary  coelomic  epithelium.  The  interpretation 
which  the  author  woald  put  upon  this  process  is  that  an  archaic 
enterocoele  gradually  undergoes  diacoelosis,  being  replaced  by  a  pseudo- 
coele.  This  primary  and  secondary  coelom  exist  simnltaneoQsly  side 
by  side  in  all  existing  Gnathobdellidfie. 

In  the  Rhyncobdellidee  considerably  more  of  the  primary  coelom 
remains,  and  the  secondary  coelom  has  not  yet  appeared  upon  the 
scene. 

Nephridia. 

The  nephridia  are  in  all  cases  tubular  organs,  opening  on  the  one 
hand  into  the  coelora,  and  on  the  other  to  the  exterior. 

The  Amnel,  the  opening  to  the  coelom,  exists  in  all  the  genera, 
although  its  existence  in  Hirudo  and  allied  genera  has  always  been 
denied,  but  it  has  long  been  known  to  exist  in  Glepsine^  Nephdisy  and 
had  also  been  described  in  Pontohdella. 

The  condition  of  these  funnels  presents  a  serial  modification.  In 
Olepsine  and  Pontohdella  they  are  fairly  simple,  but  in  Nephdis  and 
Trocheta  they  become  drawn  out  into  lobes,  and  in  Hirudo  and  its 
allies  this  process  has  been  carried  to  an  extreme,  the  central  lumen 
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has  become  lost,  and  the  whole  has  become  a  many-lobed,  ciliated, 
spongy  mass. 

FoUowing  upon  the  neck  of  the  fmmel  is  a  dilatation  into  which 
blood  corpuscles  are  carried  by  the  ciliary  current.  In  Hirudo  and 
its  allies  the  ciliated  mass  above  described  comes  to  sorronnd  this. 

The  position  of  this  funnel  varies : — 

in  Glepsine  it  opens  into  the  ventral  sinus ; 

in  PontohdeUa  into  special  perinephrostomatous  sinuses ; 

in  Hirudo  and  Aulostoma  into  remnants  of  a  circumtesticular 

sinus; 
in  Nephelis  and  Trocheta  into  botryoidal  spaces  (pseudocoelom). 

The  portion  of  the  gland  which  follows  upon  the  funnel  exhibits  a 
degenerate  condition  ;  this  is  probably  to  be  accounted  for  by  the  fact 
that  the  funnel  is  gradually  losing  physiological  importance,  its 
function  in  regard  to  the  secretion  of  nitrogenous  waste  being  taken 
on  by  the  blood-vessels.  Those  genera  in  which  the  funnel  remains 
best  developed  -exhibit  but  little  capillary  development,  and  vice  versd. 

Following  upon  the  degenerate  portion  or  testis  lobe  is  a  portion 
with  numerous  cells  containing  branched  ductules;  these  collect 
together  and  a  central  duct  is  formed,  which  after  a  long  and  winding 
course  either  opens  directly  to  the  exterior  {Clepaiiie)^  or  into  a  space 
which  then  opens  to  the  exterior. 

The  lumen  is  throughout  intracellular  in  origin. 

This  description,  excepting  as  regards  the  funnel,  does  not  apply  to 
Fontohdella  or  Piscicola, 

The  author  describes  as  existing  there  a  most  curious  network  of 
tubules,  apparently  continuous  throughout  the  body  and  not  seg- 
mented. These  tubules  are  exceedingly  small,  and  their  continuity 
is  a  very  difficult  point  to  determine  with  certainty. 

These  tubules  are  arranged  veiy  irregularly,  they  turn,  twist,  bend 
upon  themselves,  and  anastomose  with  one  another  in  a  most  elaborate 
manner.  Their  walls  become  very  thin  at  parts,  but  never  present 
any  opening.  The  walls  present  a  rod-like  structure,  such  as  exists  in 
the  nephridial  cells  in  other  genera.  The  lumen  is  intracellular,  the 
cells  being  much  branched  and  very  large. 

The  author  has  been  unable  to  trace  their  connexion  with  the 
funnels,  or  with  a  series  of  very  rudimentary  vesicles,  but  such  a  con- 
nexion probably  exists.  The  author  has  also  been  unable,  owing  doubt- 
less to  the  roughness  of  the  skin,  to  see  the  external  apertures  ;  he  has, 
however,  seen  them  in  Piscicola,  where  a  similar  structure  obtains. 

The  author  proposes  to  reserve  any  general  conclusions  as  to  the 
systematic  position  of  the  Mirudinea  which  may  be  drawn  from,  these 
huits  for  another  conmiunication. 
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Xin.  **  Reply  to  a  Note  by  Professor  J.  E.  Reynolds  on  the 
Atomic  Weight  of  Glucinnm  or  Beryllium."  By  T.  S. 
HuMPiDGE,  Ph.D.,  B.Sc.  Communicated  by  Dr.  Frankland, 
F.R.S.    Received  June  7,  1883. 

In  the  above-mentioned  note  of  Professor  Reynolds*  the  author 
criticises  the  results  detailed  in  a  paper  which  I  recently  had  the 
honour  to  contribute  to  the  Society ,t  and  draws  an  inference  from 
the  specific  heats  of  difEerent  specimens  of  the  metal  which  I  cannot 
admit  to  be  founded  on  facts. 

Professor  Reynolds  remarks  that  all  the  results  obtained  by  Nilson 
and  myself  tend  in  one  direction^  viz.,  to  a  considerable,  though 
irregular,  rise  in  the  specific  heat  as  the  impurities  diminish. 

If,  however,  we  compare  the  three  determinations  from  which  this 
inference  is  drawn — 

Percentage  of  Specific  heat  at 

glucinum.  46® — 50®. 

Nilsou 8709        0-4084, 

Humpidge 93-97        0*4453 

Nilson 94-41         0*4246 

we  find  that,  together  with  a  general  rise  in  the  specific  heat,  there 
is  also  a  fall  between  that  of  the  second  and  third  sample  which  is 
proportionally  greater  that  the  general  rise.  In  other  words,  the 
irregularity  nearly  counterbalances  the  regularity.  On  the  other 
hand,  as  I  have  already  stated,  my  result  is  probably  slightly  too  high, 
owing  to  the  heat  produced  on  the  absorption  of  the  turpentine  by  the 
porous  metal.  In  Nilson*s  experiments  the  metal  was  enclosed  in  a 
platinum  capsule. 

But  even  admitting  this  general  rise  in  the  specific  heat  with 
diminished  impurities,  it  hardly  appears  that  the  specific  heat  of  the 
i^TXTQ  fused  metal  could  be  as  much  as  50  per  cent,  greater  than  in  the 
crystalline  state.  It  rather  appears  that  glucinum  is  either  an  excep- 
tion to  Dulong  and  Petit*s  law  of  atomic  heats  or  to  MendeleefiTs 
periodic  law.  I  hope  shortly  to  contribute  some  further  evidence  to 
the  solution  of  this  exceedingly  interesting  question,  and  am  now 
making  preparations  for  a  rerision  of  the  specific  heats  of  the  solid 
elements  in  the  pure  state,  and  at  different  temperatures. 

Next  with  regard  to  the  purity  of  the  metal  as  prepared  by  my 
process.  The  7  decigrammes  which  were  used  for  the  determination 
of  the  specific  heat  was  the  first  sample  prepared,  and  included  all  I 
had  then  extracted.    It  ought  not,  therefore,  to  be  compared  with 

*  Read  May  24, 1883,  "  Proc.  Hoy.  Soc.,"  toI.  85,  p.  248. 
t  Kead  April  12,  1883,  2*.,  p.  137. 
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Nilson's  picked  2  decigrammes,  but  rather  with  his  first  sample,  con- 
taining  13  per  cent,  of  impurities.  Since  sending  in  my  paper  I  have 
prepared  more  that  3  grms.  of  much  purer  metal,  and  can  now  obtain 
anj  quantity  in  yields  of  3  to  5  decigrammes  for  each  experiment. 
The  metal  is  decidedly  crystalline  in  structure,  mostly  in  thin  plates 
•of  a  high  metallic  lustre,  and  of  a  grayish  colour  resembling  iron. 
No  accurate  analysis  of  these  samples  of  the  metal  has  been  made,  as 
it  has  been  nearly  all  used  for  the  attempted  preparation  of  organo- 
glucinum  compounds.  But  in  my  next  contribution  to  the  Society  I 
hope  to  be  able  to  give  accurate  analyses  of  several  samples. 

I  only  briefly  alluded  to  the  theoretical  aspects  of  the  question  in 
my  paper,  and  do  not  intend  to  refer  to  this  until  I  have  more 
evidence  to  offer  than  a  determination  of  the  specific  heat  between  10^ 
:and  100°  C. ;  but  the  very  remarkable  result  arrived  at  by  Professor 
Hartley  ffom  spectroscopic  evidence  cannot  be  left  unnoticed.  This 
chemist  concludes  from  his  experiments  that  glucinum  is  a  dyad 
metal,  and  that  its  homologues  are  calcium,  strontium,  and  barium — 
■elements  with  which  it  has  not  the  slightest  analogy.  And  it  seems 
strange  that  Professor  Hartley  should  consider  some  slight  spectro- 
scopic resemblance  between  glucinum  ahd  the  metals  of  the  alkaline 
earths  to  outbalance  all  the  weighty  chemical  and  physical  differences 
between  them.  Glucinum  differs  strikingly  from  the  metals  of  the 
alkaline  earths,  .both  in  the  free  state  and  combined  as  oxide,  as 
hydrate,  carbonate,  oxalate,  chloride,  fluoride,  sulphate,  &c.  If 
glucinum  is  really  a  dyad  metal  (which  may  possibly  be  the  case),  its 
nearest  homologues  are  decidedly  magnesium  and  zinc ;  not  calcium, 
-Bcrontlum,  and  barium. 


XIV.  *'  Remarks  on  Spectrum  Photography  in  Relation  to  New 
Methods  of  Quantitative  Chemical  Analysis.  Part  I."  By 
W.  N.  Hartley,  F.R.S.E.,  Professor  of  Chemistry,  Royal 
College  of  Science,  Dublin.  Communicated  by  Professor 
Stokes,  Sec  R.S.    Received  June  20, 1883. 

[PubUcation  deferred.] 

XV.  "  On  a  New  Standard  ol  lUumiuation  and  the  Measurement 
of  Light."    By  W.  H.  Preege,  F.R.S.    Received  June  21, 


1883. 


[Publication  deferred.] 


The   Society    adjourned  over  the  Long  Vacation  to  Thursday, 
November  ISbh. 
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Presents,  May  24, 1883. 

Transactions. 
Bombay : — Royal  Asiatio  Society.    Journal.  Vol.  XV.  No.  40.  8vo^ 

Bomhay  1883.  The  Society. 

Bremen : — ^Natnrwissenschaftlicher  Verein.    Abbandlongen.    Band 

Vin.  Heft  1.  8vo.  Bremen  1883.  The  XJnioii. 

Copenhagen: — K.    Danske    Videnskabemes    Selskab.      Oversi^. 

1882.  No.  3.  1883.  No.  1.  8vo.  Kjohenhavn.  The  Society. 
Frankfart-a-Main:— Senckenbergische     Natnrforschende     Gesell- 

schaft.  Abbandlongen.  Band  XIII.  Heft  1.  4to.  Frankfuri-a-M. 

1883.  Bericht.  1881-82.  8vo.  tVa/nkfurt-a-M,  1882. 

The  Socioiy. 
London :— Geological  Society.     Quarterly  Jonmal.    VoL  XXX IX, 
Part  2.    8vo.    London  1883.     Abstracts  of  the  Proceedings. 
Nos.  430-438.  8vo.  The  Society. 

Meteorological  Society.  Quarterly  Journal.  New  Series.  VoL  IX. 
No.  45.  8vo.  London.  Meteorological  Becord.  No.  8.  Svo. 
London,  Instructions  for  the  Observation  of  Phenological 
Phenomena.     Second  Edition.  8yo.  London  1883. 

The  Society. 

Boyal  Agricultural  Society.    Journal.    2nd  Series.    Vol.  XIX. 

Part  1.  Svo.  London.  The  Society. 

Boyal  Asiatio  Society.    Journal.    New  Series.    VoL  XV.  Part  2. 

8vo.  London.  The  Society. 

Boyal  Institution.     Proceedings.     Vol.  X.  Part  1.  Svo.  London. 

Beports  of  Evening  Meetings,  March  17  and  May  26, 1882.  Svo. 

The  Institution. 

Victoria   Institute.     Journal  of  the  Transactions.    Vol.  XVI. 

Nos.  64,  65.  Svo.  London.  The  Institute. 

Lyon : — Soci6t6  d' Anthropologic.     Bulletin.     Tome  I.    No.  2.  Svo. 

Lyon  1883.  The  Society. 

New  York: — American    Geographical  Society.      Bulletin.    1882. 

No.  4.  Svo.  New  York.  The  Society. 

Ouro  Preto : — Escola  de  Minas.     Annaes.  No.  2.  Svo.     Ouro  Preto 

1883.  The  School. 

Paris  : — ficole  Normale  Sup6rieure.  Annales.  2"*  S^rie.  Tome  XIL 

No.  23.  4to.  Paris  1883.  The  School. 

Soci^t^  G6ologique.   Bulletin.  3«»«  S^rie.    Tome  XI.  No.  3.   Svo. 

Paris  1883.  The  Society. 

Philadelphia: — Franklin  Institute.      Journal.    3rd    Series.      VoL 

LXXXV.  No.  5.  Svo.  Philadelphia  1883.  The  Institute. 

Bio  de  Janeiro: — ^Museu  Naoional.    Archives.  Vols.   IV,  V.  4to. 

Bio  de  Ja/neiro  1881.  The  Museum. 
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TransactionB  {continued), 

Stockholm: — K.    Vetenskaps    Akademie.       Ofversigt.    39**    Arg. 
Nob.  9,  10.  8vo.     Stockholm.  The  Academy. 

TouloTDuse : — Academie  des  Sciences.  M^moires.   8"*  S^rie.  Tome  IV. 
Bvo.    Toulouse  1882-83.  Ammaire,  1882-83.  12mo. 

The  Academy. 

Turin : — ^Accademia  delle  Scienze.  Atti.  Vol.  XVIII.  Disp.  3.  8vo. 

Torino,  The  Academy. 

Venice  : — Ateneo  Veneto.      L'Ateneo  Veneto ;   Bevista  Mensile. 

Seiie  IV.  No.  5,  to  Ser.  VII,  No.  3.  8vo.  Venezia  1881-83. 

The  AthenaBom.. 

Beale    Istitnto  Veneto: — Memorie.    Vol.    XXI.    Parte  3.  4to. 

Venezia  ISS2  Atti.  SerieS.  Tomo  VII.  Disp.  10  ed  Appendice. 

Tomo  VIII.  Serie  6.  Tomo  I.  Disp.  1-3.  8vo.  Venezia  1881-83. 

The  Institute. 

Vienna: — K.  K.  Zoologisch-botanische    GFesellschafb.      Verhand- 

lungen.  Band  XXXII.  8vo.  Wien  1883.  The  Society. 

Oflterreichische   Oesellschafl    fiir  Meteorologie.     Band    XVIII. 

Mai-Hoft.  8vo.   Wien  1883.  The  Society. 


Observations  and  Beports. 

Adelaide: — Observatory.    Meteorological  Observations,  1880.  4to. 

Adelaide  1882.  The  Observatory. 

London: — Office  of   the  Begistrar- General.     Census  of  England 

and  Wales.    1881.  Vol.  1 .     Area,   Houses,   and  Population ; 

Counties.  Vol.  2.     Ditto ;  Begistration  Counties.  4to.  London 

1883.  The  Begistrar-General. 

Boyal  Mint.     Beport  of  the  Deputy  Master,  1882.  8vo.  London 

1883.  The  Hon.  C.  W.  Premantle,  C.B. 

Paris : — Ponts  et  Chauss^es.     Service  Hydrom^trique  du  Bassin  de 

la  Seine.     Observations  sur  les  Cours  d'Eau  et  la  Pluie.  1881. 

folio.  VerBaUles.    B^sum^  des  Observations  Centralis^es.  8vo. 

Versailles  1883.  The  Department. 


Brauer  (Professor  Friedrich)  Offenes  Schreiben  als  Antwort  auf 
Herm  Baron  Osten-Sacken's  "  Critical  Beview  "  meiner  Arbeit 
uber  die  Notacanthen.  8vo.  Wien  1883.  The  Author. 

Goeppert  (H.  B.)  und  A.  Menge.  Die  Flora  des  Bemsteins  und  ihre 
Beziehungen  zur  Flora  der  Tertiarformation  und  der  Gegenwart. 
Band  I.  4to.  Danzig  1883. 

The  Danzig  Naturforschende  Gesellschaft. 

Jordan  (W.  L.)  The  New  Principles  of  Natural  Philosophy.  8vo. 
London  1883.  The  Author, 
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Mackinlay  (Captain  G.),  RA.    Text  Book  of  Ghmnery.  8vo.  LoncUm. 
1883.  The  Author. 

Mamiani  (Terenzio)     Delle  Questioni  Social!  e  particolarmente  dei 
Proletarj  e  del  Capitale.  8vo.  Boma  1882.  The  Author. 

Orsoni  (Francesco)     Sni  Nnovi  lodnri  di  Amilo.  8vo.  Ancona  1883. 

The  Author. 

Peacock  (R.  A.),  C.E.     Saturated  Steam  the  Motive-Power  in  Vol- 
canoes and  Earthquakes.  8vo.  London  1882.  The  Author. 

Pickering  (Edward  C.)     Mountain  Observatories.  8vo. 

The  Author. 

Rutot  (A.)     Les  Phenomenes  de  la  SMimentation  Marine.  8vo. 

The  Author. 

Scacchi    (Arcangelo)      Delia    Lava    Vesuviana    dell'    Anno    1631. 
Memoria  Prima.  4to.  NapoU  1883.  The  Author. 

fiturm    (Rudolf)     Ueber  die   Curven  auf   der  allgemeinen   Flache 
dritter  Ordnung.  8vo,  The  Author. 

Snell  (H.  Saxon)     Experiments  to  Test  the  Accuracy  of  Registering 
Anemometers.  8vo.  The  Author. 


Presents,  Mwy  31,  1883. 

Transactions. 

Bordeaux: — Soci^t^  des  Sciences  Physiques  et  Naturelles.  Me- 
moires.     Tome  V.  Cahier  2.  8vo.  Paris  1882.         The  Society. 

Brussels : — Musee  Royal  d'Histoire  Naturelle.  Annales.  Tome  VUI. 
Partie  4,  et  Planches.  4to.  Bruxelles  1883.  The  Museum. 

Budapest:  —  Magyar  Tudomdnyos  Acad^mia.  Almanach,  1883. 
firtesit^  (Akad^miai)  1882.  Nos.  1-6.  (Arch»logiai)  1882. 
Nos.  1  and  2.  Evkonyvek.  XVI.  No.  8.  Kozlem^nyek  Nyelv- 
tudom&nyi.  XVll.  Nos.  1,  2.  £rtekez6sek  a  nyelvt.  6b  sz^inro- 
dalom  kor^b^l.  X.  Nos.  1-13.  Tables  IX,  X.  £rtekes^k  a 
tdrsad.  tudominyok  kor^bdl.  VII.  Nos.  1-6.  £rtekes^k  a 
tort^nelmi  tudominyok  k5r6b61.  IX.  No.  12.  X.  Nos.  1-3, 
^10.  Table  IX.  £)rtekez68ek  a  mathem.  tudomanyok  kttr^bdl. 
IX.  Nos.  1-10.  £rtekez6sek  a  term^szet-tndomdnjok  kOr^b^H. 
XI.  Nos.  21-26.  XII.  Nos.  1-7.  Monumenta  HunganiB 
Historica.  I.  26.  II.  31.  Archivum  Rak6czianum  L  No.  8. 
Ungarische  Revue.  1882.  Nos.  4-10.  1883.  Nos.  1-3.  Nadasdy 
Tam^  nddor  Csalddi  Levelez^se.  Earolyi  Arpad  6a  Szalay 
J6zsef.  8vo.  Budapest  1882.  £rtekez^ek  a  NemzetgaadasAgtan 
6s  Statisztika  k5reb61.  Nos.  1-5.  1882.  8vo.  Budapest  1882-3. 
fiml6kbeszedek.  1882.  Nos.  1-5.  8vo.  Budapest  1882.  Viris- 
p4nsdgok  T0rt6nete,  iri»  Pesty  Frigyes.  8vo.  Budapest  1882. 
Monumenta  Gomitalia  Regni  Hungari».  VEIL   Ditto  Trans- 
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Transactions  {continued), 

sylvaniflB.  VIII.  Grdf  Tttkttly  Imre  Levelei  :  DedkFarkas.  8vo. 
Budapest  1882.  Lncins  Ulpins  Marcellus  :  irta  V^csey  Tamis. 
8vo.  Budapest  1882.  Magyarorszdg  R6gi  Vizrajza  a  XIII*. 
Szdzad  V^geig :  irta  Dr.  Ortvay  Tivadar.  2  vols.  8vo.  Bud^iupest 

1882.  R%i  Magyar  Kttltdk  Tdra.   Kotet  IV.    8vo.   Budapest 

1883.  A  Magyarok  Eredete :  irta  Vdmb^ry  Armin.  8vo. 
Budapest  1882.  A  Magyar  K5t6sz6k.  8yo.  Budapest  1883. 
A  Szeged-Othalmi  Asatdsokrdl :  irta  Lenhoss^k  Jdzsef.  4to. 
Budapest  1882.  Badapest  Nemzetis^gi  Allapota  ^  Magyaro- 
80<Usa:  irta  K(5rOsi  J6zsef.  8vo.  Budapest  1882. 

The  Academy. 
Calcutta: — Asiatic  Society  of  Bengal.    JonmaL  Vol.  LII.   Part  1. 

No.  1.  8vo.  Calcutta  1883.  The  Society. 

Indian  Mnseum : — Catalogue  of  ArchsBological  Collections.  Part  I. 

Asoka  and  Indo-Scythian  GtJleries.  8yo.  Calcutta  1883. 

The  Museum. 
Cambridge  :  —  Philosophical   Society.      Transactions.     Vol.   XIII. 

Part  2.   4to.    Cambridge  1882.    Proceedings.   Vol.  IV.    Parts 

2,  4,  5.  8vo.  Cambridge  1881-3.  The  Society. 

London: — Physical  Society.     Proceedings.    Vol.  V.    Part  3.    8vo. 

London  1883.  The  Society. 

Boyal  United  Service  Institution.    Journal.   Vol.  XXVII.    No. 

119.  8vo.  London.  The  Institution. 

Sanitary   Institute   of    Great  Britain.    Transactions.    Vol.   IV. 

1882-3.  8vo..  London  1883.         *  The  Institute. 

Madras : — ArchsBological  Survey  of  Southern  India.     Lists  of  the 

Antiquarian  Remains  in  the  Presidency  of  Madras.     Vol.  I. 

4to.  Madras  1882.  The  Survey. 

New  York  : — American  Museum  of  Nattutil  History.     Fourteenth 

Annual  Report.  8vo.  New  York  1883.  Bulletin.   Vol.  I.   No.  4. 

New  York  1883.  The  Museum. 

Philadelphia: — Numismatic  and  Antiquarian    Society.      Constitu- 
tion, By-laws,  Ac.  8vo.  Philadelphia  1883.  The  Society. 
Pisa : — Society  Toscana  Scienze  Naturali.   Atti.   Vol.  V.   Fasc.  2. 

8vo.  Pisa  1883.  The  Society. 

Rome: — R.  Accademia  dei  Linoei.     Transunti.    Vol.  YII.    Fasc. 

7-10.  4to.  Boma  1883.  The  Academy. 

Tokio: — Seismological   Society  of  Japan.    Transactions.   Vol.   V. 

8vo.  Tokio  1883.  List,  1883.  8vo.  The  Society. 


Observations  and  Reports. 

Calcutta : — Meteorological  Office.    Registers  of  Original  Observa- 
tions, 1882.  January  and  February.  4to.  The  Reporter. 
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Obseryatioiis,  &c,  (continued). 

Melbourne  : — Office  of  the  Ooyemment  Statist.  Statistical  Begister 
of  Victoria,  1881.  Part  9.  Religions,  Moral,  and  Intellectoal 
Progress.  4to.  Melhoume.  The  OflBca. 

Paris  : — Prefecture  de  la  Seine.  Annnaire  Statistique  de  la  Yille  de 
Paris.  Ann6e  1881.  8vo.  Paris  1882.  The  Office. 


Journals. 

American  Journal  of  Philology.   Vol.  TV.    No.  1.    8vo.    Baltimore 

1883.  The  Johns  Hopkins  University. 

Annales  des  Mines.  8e  S^rie.  Tome  11.  livr.  6  de  1882.  8vo.  Paris, 

L'ficole  des  Mines. 

Bulletino  di  BibKografia  e  di  Storia.    Tomo  XV.   Marzo-Giugno, 

1882.  4to.  Boma  1882.  The  Prince  Boncompagni. 


Abercrombj  (The  Hon.  Ralph)  and  William  Marriott.  Popular 
Weather  Prognostics.  8vo.  The  Authors. 

Bredichin  (Th.)  Recherches  sur  la  oom^  de  1882,  U.  4to. 

The  Author- 

Brogniart  (Charles)  Sur  un  nouvel  insecte  fossile  des  terrains 
carboniferes  de  Commentry  (Allier).  8vo.  [Paris']  1883.  Note 
compl^mentaire  sur  le  Titanophasma  Fayoli  et  sur  les  Proto- 
phasma  Dumasii  et  Woodwardii.  8yo.  Paris.  The  Author. 

Caryallo  (Jules).  Th^rie  des  Nombres  Parfaits.  8vo.  Paris  1883. 

The  Author. 

Lubbock  (Sir  John),  Bart.,  F.R.S.  Observations  on  Ants,  Bees,  and 
Wasps.  Part  10.  8vo.  London  1883.  The  Author. 


Presents,  June  14,  1883. 
Transactions. 

Baltimore : — Johns  Hopkins  University.     Circulars.    Vol.  II.   Nos. 

21,  22.  4to.  Baltimore  1883.  The  University. 

Brussels: — Acad^mie    Royale   des   Sciences.    Bulletin.    3e   Serio. 

Tome  V.  Nos.  2-4.  8vo.  BruxeUes  1883.  The  Academy. 

Buenos  Ayres: — Museo  Ptiblico.    Anales.    Tomo  III.    Entrega  I. 

4to.  Buenos  Aires.  The  Museum. 

Cambridge  (Mass.)  : — ^Harvard  University.    Bulletin.    Nos.  24,  25. 

8vo.  The  University. 

Cardiff : — Naturalists'  Society.  Report  and  Transactions.  Vol.  XTV. 

(1882.)     8vo.  Cardiff  ISSS.  The  Society. 

Edinburgh : — Clarendon  Historical  Society.  Publications.  Noe.  4,  5, 

4to.  1883.  The  Society. 
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Transactions  (contmued), 

Hnddersfield : — ^Yorkshire    Naturalists*    Union.     The    Naturalist. 

Nos.  91-95.  8vo.    Hnddersfield  1883.  The  Union. 

London  : — ^Anthropological  Institute.     Journal.    Vol.  XII.    No.  4. 

8vo.  London  1883.  The  Institute. 

Entomological  Society.  Transactions.  1883.  Part  2.  8yo.   London 

1883.  The  Society. 

Innnean  Society.  Journal.  Vol.  XX.  No.  128.  8vo.  London  1883. 

The  Society. 
Mathematical  Society.     Proceedings.  Nos.  197-199.  8vo. 

The  Society. 

Photographic  Society.     Journal  and  Transactions.     New  Series. 

Vol.  VII.  Nos.  5-8.  8vo.  The  Society. 

Society   of    Antiquaries.      Proceedings.    2nd   Series.    Vol.   IX. 

No.  1.  8vo.  London.  The  Society. 

Society  of  Chemical  Industry.  Journal.  Vol.  11.  No.  5.  4to. 

The  Society. 

Manchester :  —  Geological    Society.     Transactions.      Vol.    XVIl. 

Parts  6,  7.  8vo.  Manchester  1883.  The  Society 

Paris: — ficole  Normale Sup6rieure.  Annales.  2me  S6rie.  Tome XII. 

Nos.  4,  5.  4£o.  Paris  1883.  The  School. 

Philadelphia : — Franklin  Institute.      Journal.      3rd   Series.     Vol. 

LXXXV.  No.  6.  8vo.  Philadelphia  1883.  The  Institute. 

Borne : — R.  Comitate  Geologico.     Bolletino.  1883.  Nos.  3  e  4.  8vo. 

Boma  1883.  The  Society. 

St.    Petersburg: — ^Acad^mie    Imp^riale    des    Sciences.     Bulletin. 

Tome  XXVIII.     No.  3.  4to.  The  Academy. 

Turin: — R.  Accademia  delle  Scienze.  Memorie.     Serie  2*.   Tomo 

XXXIV.    4to.     Torino  1883.     Atti.    Vol.  XVIII.     Disp.  4. 

8vo.     Torino  1883.  The  Academy. 

Observations  and  Reports. 

Calcutta : — Geological  Survey  of  India.     Memoirs.     Paleeontologia 

Indica.     Ser.  10.  Vol.  II.  Part  5.  4to.  Calcutta  1883. 

The  Survey. 
Dehra  Dun  : — Great  Trigonometrical  Survey  of  India.     Account  of 

the  Operations.    Vols.   VII  and  VIII  (2  copies  each.)    4to. 

Behra  Dun  1882.  The  Survey. 

Dun  Echt : — Lord  Crawford's  Ohservatory.    Circular.  Nos.  52-77. 

(Single  sheets.)  The  Observatory. 

Greenwich: — Royal    Observatory.       Report    of    the    Astronomer 

Royal  to  the  Board  of  Visitors.  4to.  The  Observatory. 

Kiel: — Ministerial-Kommission   zur   Untersuchung  der  deutschen 

Meere.     Ergebnisse  der  Beobachtungsstationen.    Jahrg.  1881. 

Hefte  VIII-XII.  4to.    Berlin  1882.  The  Commission. 
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Observations,  Ac,  (conHwued). 

London: —  Local    Government    Board.     London    Water    Snpplj. 

Reports.  Nos.  19,  20.  4to.    Londoti  1882.  The  Reporters. 

Melbonrne: — Observatory.      Monthly  Record.     January  to  April, 

1882.  8vo.     Mdboume.  The  Observatory. 

Milan : — ^Reale  Osservatorio  di  Brera.    Pnbblicazioni.     No.  XXIL 

4to.     Milano  1882.  The  Observatory. 

Paris : — Osservatoire.    Rapport  Annuel,  1882.  4to.    Paris  1883. 

The  Observatory. 
Prague: — K.  K.  Stemwarte.     Beobachtungen,  1882.  4to.     Prog, 

The  Observatory. 

Rio  de  Janeiro: — Observatoire  Imperial.     Bulletin.   1883.  No.   3. 

4to.  Bio  de  Janeiro  1888.  The  Observatory. 


Journals. 

American  Chemical  Journal.    Vol.  IV.     Nos.  2-6.    Vol.  V.     No.  1. 

8vo.     Baltimore  1882-83.  The  Johns  Hopkins  University. 

American  Journal  of  Mathematics.      Vol.  IV.      No.  4.    Vol.  V. 

Nos.  1-3.     4to.     Baltimore.       The  Johns  Hopkins  University. 

American  Journal  of  Science.    Vol.  XXV.*  Nos.  146-149.     8vo. 

New  Haven  1883.  The  Editors. 

Analyst.     January  to  June.     1883.     8vo.  The  Editors. 

Annalen  der  Physik  und  Chemie.    1883.    Nos.  1-7.     8vo.   Leipzig. 

Beiblatter  1882.    No.  12.     1883.    Nos.  1-5.     8vo.    Leipzig. 

The  Editor. 

Astronomie.     1883.    Nos.  3,  4.     8vo.     Paris  1883.         The  Editor. 

Bulletino  di  Bibliografia  e  di  Storia.     Tomo  XV.     Luglio,  1882. 

4to.     Roma,  The  Prince  Boncompagm. 

Canadian  Naturalist.    New  Series.   Vol.  X.   No.  7.    8vo.  Montreal. 

Natural  History  Society  of  MontreaL 
Educational  Times.     January  to  June.     1883.    4to. 

The  College  of  Preceptors. 
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"  ObservationB  on  the  Colouring-matters  of  the  80-cailed  Bile  of 
Invertebrates,  on  those  of  the  Bile  of  Vertebrates,  and  on 
some  unusual  Urine  Pigments,  &c."  By  Charleis  A. 
MaoMunn,  B.A.,  M.D.  Communicated  by  Dr.  M.  Foster, 
Sec.  R.S.     Received  March  8.    Read  April  5,  1883. 

1.  Bile  of  ImriBTEBRATA. 

The  liver  of  Invertebrates  is  generally  considered  by  biologists  to 
be  nothing  more  than  a  pancreas  in  function,  but  the  observations 
which  I  have  made  seem  to  me  to  indicate  that  it  discharges  other 
functions  in  addition  to  the  preparation  of  a  difs^stive  ferment.  The 
colouring-matters  found  in  the  bile  of  Vertebrates  do  not  occur  in  that 
of  Invertebrates,  with  one  exception,  and  that  is,  haBmochroraog^n  in 
Astcums  fluviatilis  and  in  FuLmoniferous  Mollusca,  for  I  have  shown  in 
a  former  paper*  that  heemochromogen  is  present  in  mammalian  bile. 
The  only  observations  on  the  colouring-matters  of  Invertebrate  bile  with 
which  I  am  acquainted  are  those  of  Sorby,t  and  some  casual  observa- 
tions of  Krukenberg,  J  but  neither  of  these  observers  makes  any  men- 
tion of  the  facts  to  which  I  have  to  call  attention.  Hoppe-Seyler§ 
failed  to  detect  bile  pigments  and  bile  acids  in  Invertebrate  bile.  With 
the  exception  of  these  three  observers,  so  far  as  I  know,  no  systematic 
examination  has  been  made  of  the  bile  and  extracts  of  the  liver  or 
enteric  appendages  of  Invertebrates. 

The  animals  examined  by  me  were  selected  from  the  three  snb- 
kingdoms  MoUusca,  Arthi*opoda,  and  Echinoderraata.  Among  Yermee 
I  also  examined  LumhricuB,  Hirudo,  and  Aphrodite,  with  a  negative  result 
as  regards  enterochloi*ophyll  (Lumhricfis  contains  lutein  in  the  wall  of 
the  intestine).  The  most  striking  fact  which  presents  itself  in  such 
examinations  as  I  have  to  record  is  the  wide  distribution  of  one 
wlouring-matter,  which  is  beyond  doubt  a  chlorophyll  pigment,  in  the 
bile  of  Mollusca  and  some  Arthropoda,  and  in  the  appendages  of  the 

77-86.  ^^olution  of  Haemoglobm,"  "  Quart.  Journ.  Mic.  Sd.,"  rot  xri,  pp. 

S  *'  pu!^?®!**?"*^"P^y»iologi8che  Studien  an  den  Kilsten  der  Adria,"  1880. 
'      ^^'ywolagiBche  Chemie  "  1877-1881. 
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intestine  of  Ecbinodermatc^  e.g.^  in  the  radial  or  pyloric  coeca  of  star- 
fishes. As  this  colonring-matter  is  always  fonnd  in  the  appendages  of 
the  enteron,  I  propose  the  name  EnterochlorophyU  for  it.  ZoochlorophyU 
would  be  a  shorter  and  more  enphonions  name,  bat  as  chlorophyll  has 
been  found  in  the  integnment  of  several  Invertebrates,  the  same  name 
would  apply  to  the  latter,  hence  the  former  is  more  suitable. 

I  shall  take  the  animals  seriatim^  and  proceed  to  describe  the 
results  of  my  examination,  prefacing  the  observations  with  this 
remark — that  I  have  i-elied  on  the  spectroscopic-  and  chemical  proofs 
of  the  presence  of  chlorophyll.  It  is  useless  to  expect  that  the  chloro- 
phyll in  the  stat/C  in  which  it  occurs  should  be  capable  of  developing 
oxygen  in  the  presence  of  sunlight  in  the  livers  of  MoUnsca  or  in  the 
pyloric  coeca  of  starfishes,  &c.,  so  that  one  is  deprived  of  the  aid  of 
the  test  which  is  mainly  relied  upon  by  recent  observers,  such  as 
Professor  Lankester*  and  Mr.  P.  Geddes;t  but  fortunately  the 
amount  of  material  obtainable  allows  one  to  compare  the  spectra  of 
enterochlorophyU,  in  different  solutions,  with  those  of  chlorophyll 
obtained  from  leaves,  and  to  study  their  respective  spectra  when  the 
colouring-matters  are  treated  by  certain  reagents.  When  this  is  done, 
the  conclusion  forces  itself  on  one's  attention  that  the  euterochloro- 
phyll,  obtained  from  the  sources  already  mentioned,  is  the  same  as 
that  which  occurs  in  plants ;  for  when  two  colouring-matters  have  the 
same  spectrum  when  dissolved  in  the  same  medium,  and  when  their 
respective  spectra  are  altered  in  the  same  manner  by  the  same  reagent, 
then  we  may  conclude,  according  to  Yogel  and  Kundt,  that  the  two 
colouring-matters  are  identical.  The  spectrum  of  chlorophyll,  or 
rather  of  the  mixture  of  colouring-matters  which  compose  it,  namely, 
ll2ie  chlorophyll^  yellow  ohlorophyll^  and  chlorofucine  is  so  peculiar  J 
that  its  presence  is  easily  detected,  and  its  decomposition,  or  change, 
by  acids  g^ves  rise  to  no  less  characteristic  spectra.  I  have  not  deter- 
mined how  much,  relatively  to  each  other,  of  each  of  these  ingre- 
dients is  present  in  individual  oases,  but  the  differences  which  do  occur 
are  no  doubt  due  to  the  fact  that  sometimes  one,  sometimes  the  other, 
is  present  in  greater  or  less  amount,  and  that  other  pigments,  such  as 
lutein  or  a  xanthophyll,  may  be  present.§  Before  describing  the 
colouring-matters  obtainable  from  the  bile  or  liver  of  Invertebrat.e6,  I 

*  "On  the  Chlorophyll  Corpuscles  and  Amyloid  Deposits  of  SpongUla  and 
Hydra,"  "  Quart  Joum.  Mie.  Sci.,"  vol.  xxii,  p.  229. 

V  "  Proc.  Roy.  Soc.  Bdin.,"  and  "  Naturo,"  January  26, 1882. 

J  See  Dr.  Sorby*s  paper  on  **  ComparatiTe  Vegetable  Cbromatology,"  "  Proc.  Roy. 
Soc.,"  1873,  vol.  21,  pp.  442-483,  and  his  other  papers,  a  list  of  some  of  which  is 
given  in  last  edition  (2nd  English)  of  Sachs*  "  Botany." 

§  In  those  cases  in  which  the  band  in  red  is  nearer  the  yiolet  than  usual,  it  is 
probably  due  U>  the  chlorophyll  being  present  in  the  fluid  in  a  more  or  less  acid 
state.  Cf.  Russell  and  Lapraik,  "  A  Spectroscopic  Study  of  Chlorophyll,"  "  Journ. 
Chem.  Soc.,"  1882,  toI.  41,  p.  334. 
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sliall  here  give  the  position  in  wayo-lengths  of  the  bands  of  an  alcohol- 
ether  extract  of  leaves  of  Primula  alone,  and  treated  with  nitric  acid.  I 
have  chosen  the  leaves  of  that  plant  since  varions  sings  and  snails,  whose 
bile  spectra  will  be  referred  to  farther  on,  feed  on  them.  An  alcohol- 
ether  extract  gave  fonr  bands.  I  did  not  measure  caref nllj  the  bands 
of  the  second  half  of  the  spectmm,  so  shall  only  refer  to  the  bands  of 
the  first  half: — 

1st  Band \674— 643 

2nd   „      X622-5— 602 

8rd    „      X690-5— 567 

4th    „      X548— 530? 

This  solution  was  filtered,  evaporated  at  a  gentle  heat,  and  the 
residue  extracted  with  rectified  spirit  and  Altered.  The  solution  was 
a  fine  groea  oolour  and  gave  a  series  of  five  bands  as  follows : — 

^Ist  Band X684— 634 

2nd   „      \618— 598 

•^d    „      X586— 570 

4th    „      X546  •5—534 

•6th    „      X484— 465 

When  this  was' treated  with  a  couple  of  drops  of  nitric  acid,  the 
green  colour  became  yellowish,  and  the  bands  gave  the  following 
readings : — 

1st  Band X661— 646  r>| 

2nd   „     X608— 592    | 

3rd    „     X5 76-^561    S^  Chart,  spectrum  1. 

4th    „     X539— 521 

5th    „     ■X502— 484?J 

In  the  case  of  enterochl«>rophyll  *  the  treatment  with  nitric  acid 
generally  makes  the  solution  slightly  ^eenish,  although  previously  it 
may  have  been  yellow.  I  believe*  this  is  due  to  the  fact  that  in  the 
livers  of  Mollnsca,  Jbc.,  the  pigment  is  present  in  a  more  or  less  reduced 
condition,  probaby  due  to  the  ac^n  of  a  ferment  on  the  chlorophyll,  or 
to  the  fact  that  it  ia  sonveHmes  fres&nt  in  the  form  of  a  radical  or 
chromogen,* 

'MOLLBSCA. 

Colouring-matters  of  Liver  of '  Ostrcea  Edulis, — The  alcoholic  extract 
of  the  liver  of  Osircea  is  a  greenish-yellow  colour  by  daylight,  and 
more  orange-yellow  by  gaslight,  and  examined  in  a  deep  layer  gives  a 
band  in  red,  which  is  placed  over  a  shading.     This  peculiarity  of  a 

*  Perbape  built  up  syntbetically  by  the  anixnal  itself. 
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dark  band  Baperimposed  on  a  shading  is  noticeable  when  a  cmshed 
Hydra  viridis  is  examined  with  the  microspectroscope,  and  the 
same  appearance  was  noticed  in  the  spectrum  of  a  leaf  of  Anacharis 
with  which  the  Hydra  was  associated.  In  a  thin  layer  of  the  alcohol 
extract  of  the  liver  of  08tr<ea  another  band  became  detached,  covering 
F.  The  first  spectrum  referred  to  is  mapped  in  sp.  2.  The  band  in 
red  extended  from — 

X696— 684 ; 

and  the  second  from — 

X509— 484. 

When  treated  with  nitric  acid  the  solution  became  faintly  greenish 
and  then  a  doubling  of  the  band  in  red  was  seen  to  have  taken  place, 
the  first  band  faded  very  quickly  leaving  the  second,  but  before  it 
•  disappeared  the  following  readings  were  obtained  : — 

1st  Band X690— 674 

2nd   „      X661— 651 

Finally,  the  series  of  bands  shown  in  sp.  3,  appeared  which  measured 
as  follows : — 


Ist  Band \661— 646  or  643 

2nd   „      X608— 692 

3rd    „      X576— 561 

4th    „      X639— 518 

5th    „      X505— 484- 


These  measurements  show  beyond  all  doubt  that  the  liver  of  Ostroea 
contains  a  colouring-maiter  which  when  treated  in  alcohoUc  solution  with 
nitric  acid  gives  the  samie  spectrum  as  a  similar  solutionjof  leaf  green 
when  ireaied  with  thai  reagent;  and  therefore  the  liver  of  Ostroea  contains 
chlorophyll,  A  microscopic  examination  showed  that  this  colouring- 
matter  as  it  occuiTed  in  the  liver  was  more  of  an  orange-yellow 
colour  than  it  is  generally  seen  in  molluscan  livers,  excepting  Mytilus 
and  other  Lamelli branchiate  MoUusca,  which  have  a  marine  habitat ; 
but  it  is  not  due  to  the  presence  of  parasitic  algce. 

Liver  of  Mytilus  edulis, — The  liver  of  this  Mollusc  contains  the  same 
pigment.  In  the  yellow  filtered  extract  two  bands  were  plainly  dis- 
cernible in  a  deep  layer,  while  in  a  shallower  depth  a-  third  became 
detached  at  F : — 

1st  Band X670— 651 

2nd   „      X616— 593-5 

The  latter  was  placed  just  before  D.  With  nitric  acid  the  extract 
became  greenish  and  a  series  of  bands  appeared  as  follows : — 
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Ist  Band X661— 646 

2nd   „      X608— 589 

3rd    „      X576— 561  or  558 

4th    , X539— 521 

5th    „      X505— 484 

The  colonring-matters  were  seen  by  the  microscope  to  be  deposited 
in  brown  g^nules,  and  no  parasitic  algfld  conld  be  detected. 

In  the  yellow  ether  extract  of  the  liver  no  band  in  red  could  be 
detected,  but  two  feeble  bands,  one  at  F,  the  other  between  F  and  G, 
were  visible,  probably  due  to  the  presence  of  a  lutein  pigment. 
Chloroform  extracted  no  colouring-matter. 

Liver  of  Gatdium  edtde* — The  yellow  alcoholic  filtrate  of  the  liver 
gave  a  band  in  red,  and  a  band  between  green  and  blue  at  F.     That 
in  red  extended  from  \678 — 656,  but  was  difficult  to  read.      With 
nitric  acid  the  liquid  became  greenish  and  gave  the  same  series  of  < 
bands  as  before. 

Liver  of  AnodmiUi  cygnea. — When  extracted  with  rectified  spirit 
and  filtered  a  deep  yellow  solution  formed,  which  showed  three  bands 
as  follows  :-^ 


1st  Band X684— 663  5 1 

2Bd   ,,    X620— 600     }Sp.  4. 

3rd    „     ........     X555— 539     J 


Treated  with  nftric  acid  this  solution  became  greenish  and  five 
bands  now  appeared,  which  were  difficult  to  read,  but  the  first 
extended  from  X678— 656,  and  the  fifth  probably  from  X505  to 
484  (?) 

In  the  microspeotroscope  the  bands  appeared  as  shown  in  sp.  5. 
In  another  specimen  of  AnodmUa  an  orange-coloured  mass  was 
found  in  the  intestine,  which  gave  two  bands  like  those  of  reduced 
haDmatin,  and  a  third  close  before  F,  the  latter  extending  from  X505 — 
48G. 

Liver  of  Unio. — The  appearances  coincided  with  those  just  given 
for  Anodonta. 

All  the  extracts  of  the  livers  of  the  above  Lamellibranchiates  were 
treated  with  ammonium  sulphide  with  a  negative  result,  and  therefore 
did  not  contain  hsBmochromogen. 

The  colouring-matter  of  the  liver  of  Anodonta  was  partially 
soluble  in  ether  with  a  yellow  colour,  and  this  solution  showed 
practically  the  same  spectrum  as  the  alcohol  extract. 

Bile  and  Liver  of  Cephalopod  MoUusca.  Octopus, — The  only  oepha- 
lopod  which  I  had  an  opportunity  of  examining  was  Octopus  vulgaris. 
The  yellow-brown  liver  became  darker  on  exposure  to  air,  due  to  the 

•  Farting  for  throe  days. 
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oxidation  of  a  chromogen.     An  alcoholic  (rect.  spirit)  extract  of  a 
yellow  colour  showed  four  bands  and  a  doubtful  fifth ;  which  read — 


Ist  Band X678— 661  or  681—658  5 

2nd    , X616— 600 

3rd    „     X584-5— 570? 

4th    „     X552— 539  (Fifth  uncertain,) 


^Sp.  6. 


With  nitric  acid  it  became  greenish  and  gave  the  usual  series  of 
bands. 

Bat  some  slight  differences  were  observable  in  the  behaviour  of  the 
colouring  matters  of  this  liver  towards  solvents  from  those  already 
described.  This  I  think  may  be  due  to  the  greater  abundance  of  the 
colouring-matters  present.*  Thus  an  ether  solution  gave  two  bands 
in  red,  and  was  a  greenish-yellow  colour.  The  first  band  extended 
from  X696— 690,  the  second  from  X674— 661.  The  alcoholic  solution 
did  not  seem  to  be  fluorescent.  Chloroform  extracted  some  colouring- 
matter  of  a  faint  yellow  colour,  giving  bands  like  tiiose  of  the  ether 
solution,  that  in  red  extending  from  X(584 — 661.  And  a  bisalphide  of 
carbon  solution  showed  a  band  in  red  and  one  at  the  bbie  end  of  the 
green.  In  addition  to  the  two  hands  mentioned  above^  the  ether 
solution  gave  three  others  (as  shown  in  sp.  7),  whieh  measured 
as  follows : — 

3rd  Band X616— 596 

4th     „     X570— 558  (about) 

5th     „     X539— -530 

and  a  feeble  shading  from  X494>  ■  di74.    . 

When  an  alcoholic  solution  was  treated  with  ammonia  the  spectrnm 
remained  unchanged,  and  caustic  soda  was  similar  in  its  action. 
Sodium  amalgam  also  failed  to  produce  a  change.  Sulphide  of 
ammonium  developed  no  bands,  and  therefore  haomatin  was  absent. 
I  may  here  remark  that  no  latein  nor  tetronerythrin  was  found  in 
the  liver,  nor  was  any  found  in  the  integument  or  elsewhere,  an 
observation  which  is  important  when  one  compares  these  results  with 
those  obtained  in  examining  the  ^  bile ''  of  Crustaceans  and  Echino- 
derm8.t 

Liver  of  Buccinum  undatum, — The  filtrate  after  digesting  the 
crushed  liver  in  rectified  spirit  was  a  golden-yellow  colour,^  and  its 
spectrum   was  composed   of    four  bands  in    a   deep   layer,   sp.   8 ; 

*  And  the  appearances  suggest  that  in  the  llrer  of  Octopus  this  pigment  eziats  in 
a  more  highly  oxidised  state  than  in  other  UyerSi  or,  perhaps,  as  mcid  enterochloro- 
pbyll. 

t  I  hare  described  the  peculiarities  of  the  colouring-matter  of  the  integument  of 
Octopus  in  a  paper  communicated  to  the  Birmingham  PhUosophioal  Soeiety. 

i  This  had  a  red  fluorescence. 
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that  in  red  extended  from  X674— 653*5.  Treated  with  nitric  acid  ib 
became  greenish  and  the  nsoal  serieR  of  five  bands  conld  be  detected. 
The  partially  decomposed  liver  (which  had  broken  down  into  a 
greenish-white  pulp)  in  another  specimen  gave  foor  bands  when  a 
strong  light  was  concentrated  on  its  surface,  viz.,  a  band  in  red 
covering  C,  another  close  before  D,  one  jost  before  £,  and  the  fourth 
between  b  and  F.     No  heematin  conld  be  detected. 

Lioer  of  Fusus  arUiquus. — The  filtered  golden-yellow  rectified  spirit 
extract  showed  in  a  deep  iayer  four  bands,  and  in  a  thinner  a  fifth  at 
F.  These  closely  agreed  with  those  seen  in  the  similar  extoact  of 
liver  of  Buddnum;-  that  in  red  extended  from  X676 — 660,  the  next 
X620— 600,  and  the  third  perhaps  from  X583— 567.  With  nitric  acid 
the  solution  bectoie  greenish  and  the  five  bands  already  referred 
to  were  seen  distinctly^.  No  other  pigments  were  detected.  With 
magnesiufai  and  acetic  acid  a  negative  result  was  obtained. 

Liver  of  Purpura  lapillus, — The  golden-yellow  rectified  spirit  extract 
of  the  liver  gave  three  bands  in  a  deep  layer  coincident  with  the 
bands  of  the  above  alcohol  extracts,  thus  that  in  red  extended  trom. 
\678 — 656.  Aiid  the  colour  chang^  to  greenish  with  nitric  acid,  the 
usual  series  of  five  bands  becoming  developed  at  the  same  time. 
Owing  to  the  presence  of  the  purpurogenous  glands*  in  this  moUoac, 
I  hoped  to  find  some  pectdiarity  in  the  pigments  of  its  liver,  but  it 
contained  apparently  only  enterochlorophyll. 

Liver  of  LUorina  lUorea, — The  abiolute  alcohol  filtrate  of  the  liver 
was  a  yellow  colour,  alid  gave  three  bands  in  a  deep  layer  and  a 
fourth  in  a  shallow  depth,  whi6h  are  the  same  bands  seen  in  other 
cases.  The  following  measurements"  apply  to  the  spectrum  of  the 
above-mentioned  solution  :— 

1st  Band  . X678— 661 

2nd    „      \«20— 600 

3rd    „      \552— 539 

4th    „      X516— 480? 

On  treatment  with  nitric  acid  the  usual  series  of  five  bands  oould 
be  detected  with  ease. 

Liver  of  Helix  aspersa. — When  the  liver  and  bile  of  any  Pulmonace 
Mollusc  is  examined,  except  that  of  Planorhis — so  far  at  least  aa  I 
know — a  striking  difference  between  them  and  those  of  other  MoUnaca 
is  appai*ent,  since  now  for  the  first  time  reduced  heematin  is  met 
with  both  in  the  bile  and  in  the  alcohol  extract  of  the  liver,  accom- 
panied in  most,  and  probably  in  all  cases,  by  enterochlorophyll.     Dr. 

•  Schunck,  «« Notes  on  the  PupJ)le  of  the  Ancients,"  "  Jonm.  Chem.  Soc.,** 
rol.  xxiT,  p.  68»  (1879)>and  vol.  liiyii,  i<:  618  (1880). 
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Sorby*  was  the  first  who  found  reduced  hffimatin  in  the  bile  of  Helix 
agperna^  as  well  as  in  that  of  Limncea,  Zonites,  Limax  and  Cyclostoma, 
he  was  donbtf  ol  as  to  its  occurrence  in  Testicella,  Pupa,  and  Clauailia, 
He  also  found  it  in  Planorbis  corneus  in  the  liver.  I  have  found  it  in 
all  Pulmonate  molluscan  bile  which  I  examined  except  that  of  Planorbis^ 
and  as  I  shall  have  to  show  further  on  in  the  bile  of  the  crayfish.  In 
fact  its  presence  seems  to  be  dependent  on  aerial  respiration.  Dr. 
Sorby  although  he  was  led  to  believe  that  at  least  two  coloured 
bodies  are  present,  did  not  notice  the  chlorophyll  pigment  which 
accompanies  in  most,  if  not  in  all  cases,  the  hsemochromogen.  The 
spectrum  of  hsBmochromogen  is  so  peculiar  that  it  is  not  easily 
mistaken  for  anything  else,  especially  after  some  practice  in  this  line 
of  research.  It  is  interesting  that  molluscan  bile  should  so  closely 
resemble  that  of  Vertebrates  in  this  particular. 

On  dissecting  fasting  specimens  of  Helix  aspersa  the  intestine  in  the 
region  of  the  liver  is  always  distended  with  reddish-brown  bile,  which 
invariably  gives  the  reduced  heematin  bands  with  ammonium  sulphide ; 
even  before  its  addition — if  the  bile  be  examined  sufficiently  quickly — 
they  can  also  be  seen.  This  bile  does  not  give  a  play  of  colours  with 
nitric  acid,  nor  does  it  reduce  a  solution  of  cupric  hydrate,  even  after 
previous  treatment  (boiling)  with  acetic  acid;  it  also  failed  to  give 
Pettenkofer's  reaction  with  sugar  and  sulphuric  acid.  In  some  cases 
the  chlorophyll  band  in  the  red  can  also*  be  detected  in  the  bile  itself, 
but  then  its  position  is  modified  by  the  nature  of  the  solvent,  for 
instance,  in  one  case,  it  extended  from  X690 — 666,  On  treating  such 
bile  with  an  aqueous  solution  of  H^S,  this  band  persists  and  two  new 
ones  come  into  viewf  if  not  previously  visible,  the  first  from  X668'6— 
555,  and  the  second  from  \539 — 523.  Caustic  soda  narrows  these 
bands,  so  also  does  ammonia.  An  acid,  such  as  acetic,  causes  their 
disappearance,  while  the  band  in  red  stUl  persists.  Before  treatment 
with  ammonium  sulphide,  when  the  haamatin  bands  are  visible,  they 
are  nearer  the  red  end  of  the  spectrum;  thus  in  one  instance  the 
first  band  extended  from  X576 — 561.  The  bile  contains  a  proteid 
coagulable  by  heat ;  this  is  interesting  when  we  compare  it  with  haemo- 
globin. The  bands  of  reduced  haamatin  in  the  bile  are  not  always  in 
the  same  position,  for  instance,  I  found  a  specimen  of  Helix  in 
February  which  had  been  fasting  to  my  knowledge  for  more  than  a 
month.  The  colour  of  its  bile  was  almost  that  of  O-haemoglobin,  and 
without  any  treatment  whatever  it  showed  the  bands : — 

1st  Bwid X570— 556  5 

2nd   „      X539— 526 

•  "  On  the  Evolation  of  Hamoglobin,"  Quart.  Journ.  Mio.  8ci.,"  vol.  rri,  p.  77. 

t  The  bile  at  the  same  time  becoming  redder.  Of.  Sorbj's  paper,  loc.  oit.,  for  an 
explanation  of  the  f^  that  the  position  of  the  bands  of  hiematin  varies  in  the 
*'  bile  "  itself  without  reagents,  and  after  their  addition  respectively. 
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Then  with  ammoniam  sulphide : — 

1st  Band X568  5—550  5 

2ndJ  „     X537-5— 523 

In  the  alcohol  extract  of  the  liver  these  bands  were  clearly  dis- 
cernible, and  also  that  of  enterochlorophyll.  The  latter  generally  was 
fonnd  to  extend  from  X678 — 661,  and  therefore  corresponds  to  the 
band  of  enterochlorophyll  in  other  Mollosca,  bat  the  colouring-matter 
is  present  in  smaller  quantity  than  in  those  examined  suprcL,  and 
therefore  it  is  most  difficult  to  measure  the  bands  produced  by  the 
action  of  nitric  acid,  but  they  are  1  believe  the  same  as  those  already 
described. 

Some  specimens  of  Hdlx  aspersa  kept  fasting  for  six  months  still 
showed  in  their  bile  the  reduced  haomatin  bands,  and  in  one  specimen 
the  band  in  red  was  still  present.  I  have  now  specimens  in  my 
laboratory  which  have  been  fasting  nine  months,  and  they  appear  as 
vigorous  as  ever,  and  a  specimen  recently  examined  still  contained 
reduced  hssmatin.  The  drawing  of  the  spectrum  of  the  alcoholic 
extract  of  the  liver  of  Helix  pomaHa  will  represent  that  of  HelU 
aspersa. 

Helix  pomatia. — The  reddish-brown  bile  from  the  intestine  close  to 
the  liver  showed  the  presence  of  reduced  heematin  with  and  without 
sulphide  of  ammonium,  of  which  (with  sulphide)  the  first  extended 
from  X567 — 555,  and  the  second  from  X586 — 523.  The  yellow  alcohol 
extract  of  two  livers  showed  only  the  bands  of  reduced  hsBmatin 
with  sulphide  of  ammonium,  but  in  the  extract  of  a  third  liver  the 
chlorophyll  band  in  red  was  discernible  (see  sp.  9\  extending  from 
X678 — 661.  But  the  last-named  pigment  is  small  in  amount,  as 
denoted  by  the  action  of  nitric  acid,  which,  although  it  caused  the 
heematin  bands  to  disappear  and  left  that  in  red,  yet  did  not  seem  to 
cause  the  appearance  of  any  others.  The  chemical  characters  of  this 
bile  were  the  same  as  those  in  the  case  of  Helix  aspersa. 

Helix  citrina, — The  yellow  alcohol  extract  of  the  liver  showed  the 
presence  of  chlorophyll,  and  resembled  those  already  described  in 
other  particulars. 

Arion  ater :  Liver  and  Bile.  —  Like  all  the  Pulmonate  MoUusca 
already  referred  to,  the  specimens  of  Arion  ater  examined  were  kept 
fasting  some  days,  until  they  ceased  to  discharge  their  intestinal 
contents,  in  order  to  avoid  the  source  of  error  arising  from  the  hu^t 
that  the  intestine  ramifies  through  the  liver,  and  hence  an  alcohol 
extract  might  contain  intestinal  chlorophyll  from  the  food.  The  bile 
is  brownish-yellow,  and  gives  generally,  without  any  treatment,  the 
spectrum  of  reduced  hcematin,  which  is  much  more  distinct  with 
ammonium  sulphide,  the  bands  reading  as  follows :— 
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Ist  Band X565  -5—556  5 

2iid    „      X537 -5— 528  or  526» 

The  alcohol  extract  of  the  liver  showed  the  presence  of  reduced 
hadmatin  and  enterochlorophyll,  the  bands  of  the  former  disappearing 
with  nitric  acid,  and  that  of  the  latter  remaining,  being,  however, 
brought  slightly  nearer  the  violet,  as  in  all  other  cases. 

In  the  bile  of  other  specimens  the  band  of  enterochlorophjll  conld 
generally  be  seen,  but  always  those  of  reduced  hsomatin. 

Limaxflavw  and  other  Slugs:  Bile  and  Liver. — In  the  first  speci- 
men examined  the  bile  contained  reduced  haematin ;  but  the  alcohol 
extract  of  the  liver  did  not  seem  to  contain  much,  if  any,  hasmatin  or 
enterochlorophjll,  but  in  other  cases  it  contained  both  colouring- 
matters.  In  a  specimen  of  Limax  of  a  dark  olive  colour  on  dorsal 
surface,  with  the  margin  of  the  foot  tinged  with  orange,  the  bile  gave 
the  band  in  red  from  X681 — 656,  and,  on  adding  sulphide  of  ammo- 
nium,  the  bands  of  reduced  hcematin,  the  first  from  X570 — 558,  the 
second  X539 — 526.  The  alcohol  extoust  of  the  liver  also  contained 
both  pigments.  In  a  similar  extract^  of  another  liver  I  found  that  in 
one  part  of  the  liver  only  enterochlorophjll,  in  another  part  only 
reduced  hsematin  was  present.  Nitric  acid  changed  the  colour  of  the 
extract  to  greenish,  and  two  of  the  usual  series  of  bands  could  be 
seen.  In  another  specimen  of  the  same  colour  the  greenish-yellow 
alcohol  filtrate  of  the  liver  showed  four  bands,  of  which  the  first  two 
belong  to  chlorophyll,  the  third  to  haematin. 

iHt  Band \678— 656 

2nd  „ X616— 596 

3rd    „      \564— 555-5 

4th    „      X543-5— 535 

This  treated  with  nitric  acid  gave  three  of  the  usual  series  of  bands. 
(Sp.  10  shows  the  bile  of  Limax  with  ammonium  sulphide.)  Other 
slugs  were  also  examined  with  a  similar  result. 

Liver  of  Planorbis, — The  specimens  had  been  kept  in  clean  water, 
free  from  vegetable  matter,  for  a  week  previous  to  the  examination. 
The  livers  of  five  specimens  were  removed,  and,  after  crushing, 
digested  in  rectified  spirit;  the  yellow  filtrate  gave  a  band  in  red 
from  X678 — 6585 ;  and  three  others,  of  which  that  before  D  belongs 
to  chlorophjll,  while  the  other  two  were  found  to  be  due  to  traces  of 
haemoglobin.  In  a  thin  lajer  there  was  a  fourth  band  at  F.  In  the 
united  alcohol  extracts  of  ten  livers  no  reduced  hsBmatin  could  be 
detected ;  but  that  is  no  matter  for  surprise,  since  Planorbis  contains 

•  The  Tery  slight  disorepsnoies  in  some  of  the  measurements  are  no  doubt  due  to 
the  difficulty  of  determining  the  measurements  of  the  edges  of  the  bands  exactly, 
and,  of  course,  to  the  varying  quantity  of  heematin  present. 
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abundance  of  b»mog1obm,  and  there  is  no  longer  need  for  respiratorj 
bsBDiocbromogen.  (It  is  a  remarkable  fact  that  the  intestine  is  not 
nearly  aR  wide  in  Planorbis  as  it  is  in  Helix  and  Limax,  Is  this 
because  no  intestinal  respiration  takes  place  in  Planorbis  ?) 

Abthbopoda. 

Among  Arthropoda  I  haye  as  yet  only  examined  crustacean  bile  and 
liver  extracts. 

Bile  of  Homarus  vulgaris, — Only  one  specimen  has  been  examined. 
The  brownish  bile  of  neutral  reaction,  which  got  darker  on  exposure 
to  air,  gave  a  band  in  red,  and  an  ill-defined  band  between  D  and  E, 
placed  in  the  position  of  that  of  Moseley's  "  Actiniochrome."*  The 
former  extended  from  \681— 658*5.  The  occurrence  of  the  second 
band  is  interesting,  as  the  same  is  seen  on  examining  some  of  the 
undissolved  pigments  in  the  membrane  lining  the  shell.  There  was 
also  in  an  aqueous  solution  of  the  bile  a  third  band  between  green 
and  blue  from  X507 — 484  (sp.  11). 

When  an  extract  was  made  of  the  liver  by  means  of  rectified  spirit, 
the  last-mentioned  band  from  \507— 484  was  well  seen,  and  there 
was  also  a  feeble  one  in  red.  Sulphide  of  ammonium  hardly  affected 
the  spectrum ;  caustic  soda  caused  the  appearance  of  a  band  cover- 
ing D,  while  that  at  F  seemed  to  be  less  distinct;  the  former  was 
ill-defined,  but  probably  extended  from  X600 — 576.  When  treated 
with  nitric  acid  the  band  at  F  became  better  marked,  and  read 
X505 — 484.  Ammonia  seemed  to  cause  the  disappearance  of  the  same 
band;  and  that  covering  D — which  was  also  produced  by  caustic 
soda — again  appeared.  Magnesium  and  acetic  acid  did  not  affect  the 
band  at  F,  nor  did  peroxide  of  hydrogen. 

Cancer  pagurus :  Liver  and  Bile. — The  yellow  bile  became  orange 
after  standing  exposed  to  the  air.  An  aqueous  solution  gave  a 
shading  from  \516 — 484.  No  other  bands  were  visible.  An  absolute 
alcohol  solution  of  a  yellow  colour  gave  a  faint  band  from  X500 — 
484.  Treated  with  nitric  acid  it  became  greenish,  and  a  shading 
from  X509 — 484  was  still  visible.  Caustic  potash  did  not  remove 
the  latter.  When  the  liver  was  allowed  to  stand  twenty-four  hours, 
and  had  become  a  deeper  yellow  than  before,  it  yielded  its  colour 
more  readily  to  absolute  alcohol,  and  this  solution  gave  a  band  from 
X  500— 480.  A  chloroformic  solution  was  reddish-yellow,  and  in  this 
two  bands  were  seen,  one  from  X509 — 488,  the  second  X474 — 459, 
the  latter  fainter  than  the  former ;  on  evaporation  of  the  chloroform 
an  orange-coloured  residue  was  left,  which  contained  oQy  matter,  and 
could  not  be  purified. 

•  "  Quart.  Joum.  Mic.  Sci.,"  1878,  p.  143. 
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An  ether  solntion  was  pale  yellow  and  showed  two  bands,  the 
first  from  \498— 480,  the  second  from  \4a6— 450. 

A  bisolphide  of  carbon  extract  of  an  orange  colonr  gave  two  bands, 
the  first  from  X530— 507,  the  second  from  X496— 476  (?)  Petroleum 
also  extracted  a  little  colonriDg-matter,  giving  a  band  from  X505 — 
484.  Hence  the  principal  colouring-matter  present  evidently 
belonged  to  the  class  of  luteins,  of  which  I  believe  there  are  more 
than  one. 

Carcinus  mcBfnas :  Liver  (md  Bile. — Several  specimens  of  this 
Crustacean  were  examined.  The  bile  itself,  in  most  cases,  only  gave 
an  ill-defined  band,  between  green  and  blue.  The  presence  of  entero- 
ohlorophyll  was  found  to  be  exceptional,  and  that  of  lutein  or  a  lutein 
pigment  constant.  The  colour  of  the  liver  in  different  specimens 
▼aries  remarkably,  thus  in  some  it  was  yellowish- white,  in  others, 
orange,  orange-yellow,  &o.  It  became  almost  black  on  exposure 
to  the  air.  In  all  of  the  specimens  alcohol,  ether,  chloroform,  and 
bisulphide  of  carbon  extracted  the  colouring-matter,  giving  bands  in 
the  blue  end  of  the  spectrum,  which  seemed  to  be  due  to  lutein  as 
already  stated,  and  I  believe  a  similar  pigment  oocurs  in  the  coloured 
membrane  lining  the  shell,  while  in  some  cases  tetronerythrin  was 
also  present. 

In  some  alcohol  solutions  two  enterochlorophyll  bands  were  visible, 
the  first  from  X670— 651,  the  second  from  \612— 592 ;  with  a  little 
nitric  acid  the  colour  became  slightly  greenish.  In  most  cases  a 
band  was  visible  in  the  same  solution  from>X505 — 484. 

Ether  solutions  showed  the  presence  of  two  well-marked  bands, 
the  first  from  X498— 480,  the  second  X463— 448.  A  bisulphide 
solution  was  orange- red,  and  gave  two  bands ;  the  first  from  X530 — 
507,  the  second  from  X496— 476. 

Tagwrus  hemhardus. — The  brown-yellow  bile  of  three  specimens 
gave  the  band  of  enterochlorophyll  in  red,  and  a  shading  including 
h  and  F.  The  pale-yellow  alcohol  extract  gave  the  same  bands.  The 
solution  was  too  dilute  to  give  a  satisfactory  result  with  nitric  acid. 
(Sp.  12.) 

Astacus  fluvicUilis, — While  none  of  the  above  Crustaceans  showed 
the  slightest  evidence  of  the  presence  of  hasmatin  in  their  bile,  or  in 
the  alcoholic  extracts  of  their  livers,  the  crayfish  contains  it  in  con- 
siderable amount.  So  far  as  I  know  this  has  not  been  discovered 
before*  The  brownish-yellow  liquid  which  exudes  from  the  liver 
gave  a  faint  band  between  D  and  E,  and  a  dark  one  between  h  and  F, 
measuring  X515— 488,  and  on  adding  sulphide  of  ammonium  two 
bands  appeared  which  are  those  of  reduced  hasmatin.  In  the  bile  of 
some  specimens  examined  the  first  reduced  hasmatin  band  appeared 
without  any  treatment  whatever ;  both  were  strongly  intensified  by 
caustic  soda,  as  was  found  to  be  the  case  in  the  Pulmonate  Mollusca. 
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li  was  difficalt  to  get  the  reading  of  the  second  hamatin  band,  but  ihe 
first  extended  from  X568-6— 559-6  ;♦  the  band  at  F  after  dilution  with 
water  seemed  to  extend  from  \509 — 484.  On  exposure  to  the  air 
the  h»matin  bands  faded  away,  but  were  again  brought  back  with 
sulphide  of  ammonium,  more  distinctly  than  before.  (Sp.  13.)  An 
alcohol  extract  of  the  liver  showed  only  some  shading  at  P,  and  no 
band  could  be  seen  in  red,  either  before  or  after  the  addition  of  nitric 
acid. 

ECHINODEBMATA. 

In  this  sub- kingdom  I  have  as  yet  only  examined  starfishes  and 
specimens  of  Echinus. 

Uraster  rubeus, — The  radial,  pyloric,  or  arborescent  coeca  of  starfishes 
are  supposed,  I  believe,  by  some  to  function  as  a  "liver,"  while  others 
Huppose  they  are  of  respiratory  significance.  According  to  the 
following  observations  they  do  function  as  the  so-called  livBr  of  other 
invertebrate  animals,  t.e.,  they — in  addition  to  their  probable  use  in 
preparing  a  digestive  ferment — serve  as  organs  for  the  storing,  and 
probably  the  actual  production,  of  pigments  for  surface  coloration. 
This  at  least  is  the  conclusion  which  spectroscopic  study  of  their 
colonring-matters  suggests. 

In  difFerent  specimens  pigments  of  a  different  character  occur  which 
seem  to  have  a  close  connexion  with  those  of  the  integument. 

The  alcohol  extract  of  the  radial  coeca  of  one  specimen  (the  int^u- 
ment  of  which  had  a  red  colour,  and  which  was  found  to  be  duo  mainly 
to  tetronerythrin  with  probably  a  small  amount  of  a  pigment  giving 
the  spectrum  and  having  the  negative  insoluble  characters  of  Moeeley^s 
nctiniochrome)  was  after  filtration  a  fine  orange  colour,  and  showed 
the  peculiar  absorptive  property  of  tetronerythrin.f 

Another  specimen  had  brown  radial  coeca  interspersed  with  green, 
the  alcohol  extract  was  yellow  and  gave  a  band  in  red  and  one  just 
before  D ;  the  first  extended  from  X666 — 639,  and  therefore  was 
.slightly  nearer  the  violet  end  of  the  spectrum  than  in  the  case  of  the 
onterochlorophyll  of  other  invertebrate  animals  already  referred  to. 
The  whole  of  the  violet  end  of  the  spectrum  was  shaded  up  to  three- 
fourths  the  distance  from  D  to  E.  The  latter  shading  was  cleared  up 
by  nitric  acid  which  did  not  remove  the  other  bands.^     In  a  shallow 

•  The  second  just  before  E  (see  sp.  18),  for  although  it  could  not  be  meMored 
by  means  of  the  chemical  spectroscope  it  was  well  seen  in  the  microspectroscope. 

t  Hoppe-Seyler,  "  Handbuch  Physiol,  u.  Pathol.  Chem.  Analyse,"  4th  ed., 
p.  220.  This  pigment  is  present  in  ffomartu,  Cancer,  Careinms,  and  AstacuM,  as  I 
liaTC  found  it  in  the  shells  of  all  of  them.  (Cf.  Merejkowski,  quoted  in  "  Nature." 
Jan.  19,  1882.) 

t  Probably  owing  to  presence  of  tetronerythrin,  the  colour  of  which  is  deetrored 
by  nitric  acid. 
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depth  of  alcoholic  solution  a  band  became  detached  at  F,  which  on 
adding  caustic  soda  was  slightly  narrowed,  and  read  from  X509 — 490. 
The  ether  solntion  gave  similar  bands,  bat  in  addition  it  appeared  to 
contain  a  lutein  pigment,  as  two  bands  could  be  seen  in  the  blue  and 
violet,  the  first  from  X498— 480,  the  second  from  X466— 460.  Of 
course  in  this  and  other  cases  the  possibility  of  the  presence  of  a 
xanthophyll  must  not  be  lost  sight  of,  but  in  the  present  stage  of  the 
inquiry  I  believe  these  bands  are  due  to  lutein.  A  chloroform 
solution  showed  the  chlorophyll  bands  like  the  other  solutions,  and 
also  two  others,  of  which  one  extended  from  X509 — 488,  the  other 
\474 — 456  (p)  Another  brown  specimen  of  Uraster  contained  green 
CGBca,  and  the  alcoholic  extract  of  these  gave  the  chlorophyll  bands 
(see  14th  sp.),  four  in  number,  of  which  the  following  are  the 
measurements : — 

1st  Band  \674— r>43  Centre  656 

2nd    „  \614— 696  „  604 

3rd    „  X545— 634  „  540-5 

4th    „  X616— 494  „  505 

This  solution  became  greenish-blue  with  nitric  acid  and  the 
spectrum  of  sp.  15  now  was  seen; 'the  following  are  the  measure- 
ments:— 

1st  Band X661— 643 

2nd    , \608— 590-5 

3rd    „      \580— 561 

4th    „      \539--518 

5th    „      \505-484 

Caustic  soda  changed  the  spectrum  of  an  alcoholic  solution  in  a 
remarkable  manner,  for  while  the  band  in  red  remained  as  before, 
that  before  D  became  replaced  by  two  narrow  bands.  They  gave 
the  following  readings  : — 

Ist  Band \668— 646 

2nd    „      X630~616 

3rd    „      X552— 536 

4th    „      X516— 494 

Only  one  of  the  feeble  bands  referred  to  above  is  accounted  for,  as 
the  other  faded  away.  The  solution  assumed  a  yellow  colour  at  the 
same  time. 

An  alcoholic  solution  of  orange-coloured  coeca  gave  a  band  in  red 
from  X670 — 656,  and  a  similar  solution  of  green-brown  coeca  gave 
the  same  band,  the  latter  also  formed  an  orange  solution  with 
chloroform  which  gave  two  bands,  one  from  X507— 486,  the  other 
from  X474 — 456.     In  both  cases  a  considerable  portion  of  the  blue 
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end  of  the  spectrom  was  absorbed,  probablj  from  tbe  presence  of 
tetronerjthrin. 

The  greenish- white  coeca  of  another  specimen  gave  the  alcohol  a 
yellow  oolonr,  which  showed  a  band  from  \678 — 651  (which  reading 
approaches  nearer  to  that  of  the  enterochlorophjll  of  MoUnsca  and 
Crustacea.)  When  an  alcoholic  solution  of  green  cceca  was  evaporated 
on  the  water  bath,  a  sap-green  residue  was  left,  which  was  only 
partially  soluble  in  chloroform,  a  dirty  green-brown  residue  being 
left  still  undissolved.     The  obloroform  solution  gave  four  bands : — 

1st  Band .,.....,.     .X678— 637 

find   „      ., ,.      X614f— 596 

5rd    „      ., ,.      \546-5— 530 

.4th    „      ., X514— 494 

Nascent  hydrogen,  generated  by  the  action  of  tin  and  hydrocbloric 
acid,  and  magnesiam  and  aoetic  acid,  failed  to  change  this  colouring- 
matter^  the  spectrum  produced  being* the  same  as  that  got  by  the 
action  of  nitric  acid  on  alcoholic  solutions.* 

Asterias  aurantiaca, — The  'brownish  coeca  when  extracted  with 
alcohol  yielded  an  orange-coloured  solution  whidh  gave  the  following 
bands : — 

1st  Band \668--653  '5 

and  „      XG12— 69t6 

3iKi    „      ,.    ^545— 534? 

On  adding  nitric  acid  the  usual  ifive-banded  spectrum  of  acid 
enterochlorophyll  appeared.  The  orange  colour,  of' this  solution  was 
no  doubt  due  to  the  presence  of  tetronerythrin,  to  ^hich  the  integ;u- 
ment  seems  to  owe  its 'Colour. 

"Echinus  c»cuZe»ftt«.t-— The  brown  colomring-matt'er.. adhering  to  the 
(yidnde  of  the  intestine  and  madreporic  canal  yielded  its  colouring- 
matter  to  alcohol,  which  became  a  yellow  colour.  This  showed  the 
band  in  red  and  also  that  before  D,  and  a  third  feeble  one  before  E. 
In  a  specimen  of  Echinus  which  had  greenish- white  spines,  the  peri- 
visceral cavity  contained  a  largo  quantity  of  a  brownish  mass  which 
when  dissolved  in  alcohol  formed  a  brownish-yellow  solution,  which 
presented  a  well-marked  enterochloropbyll  spectrum  with  the  following 
measurements : — 

IstBand aX670— 653-5 

2nd   „      X612— 596 

3rd    „      X545— 534 

4th    „      X496— 473? 

*  And  oxidinng  agents  gave  a  similar  negatiye  result. 

t  I  am  not  certain  whether  the  urchin  was  Schinus  eiculentnt  or  not.  The  first 
specimen  mentioned  abore  had  white  spines,  the  second  whitish*green  spines  >  thej 
both  belong  to  the  same  species,  and  are  commonly  known  as  **  Bea-boxes." 
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Nitric  acid  turned  this  extract  greenish  and  the  nsnal  five-banded 
spectram  was  seen. 

The  alcoholic  solution  flnoresced  red.  There  is  reason  to  suppose 
that  a  similar  colouring-matter  exists  on  the  outside  of  the  shell, 
-wliich  can  be  extracted  with  chloroform.  There  is  also  another 
colouring-matter  in  the  perivisceral  fluid,  which  I  have  described 
in  a  paper  read  before  the  Birmingham  Philosophical  Society,  and  to 
which  I  have  given  the  name  "  Echinochrome"* 

Summary  and  Bemarks. — It  is  evident  that  the  livers  of  Mollusca 
and  Grustaceffi,  the  pyloric  coeca  of  starfishes,  and  intestinal  appen- 
dages of  Echinus,  all  contain  in  greater  or  less  amount  a  pig- 
ment which  is  undoubtedly  chlorophyll.  If  this  chlorophyll  is 
derived  directly  from  their  food,  it  is  strange  that  it  should  present 
similar  characters  in  animals  which  feed  on  plants  containing  different 
oolouring-matters,  and  that  it  should  still  be  found  in  the  bile  of 
Helix  after  a  six  months*  fast. 

A  microscopic  examination  of  a  slug's  or  snail's  liver  shows  thjB 
presence  of  a  pigment  of  a  yellowish  colour,  which  within  the  liver- 
cells  is  generally  deposited  in  granules;  but  there  are  also  bodies 
which  remind  one  strongly  of  unicellular  algsd,  the  exact  nature 
of  which  I  have  not  yet  determined.  Whether  this  chlorophyll 
is  built  up  by  the  animal  itself,  or  whether  it  is  derived  from 
the  food  directly,  still  remains  doubtful,  but  its  universal  distribu- 
tion and  the  large  amount  present  in  different  livers,  teach  that  it 
plays  an  important  part  in  the  life  of  the  animal  containing  it. 
Although  I  have  failed  to  change  enterochlorophyll  into  other  pig- 
ments by  oxidising  and  reducing  agents,  one  cannot  help  supposing 
that  it  does  give  origin,  perhaps  under  the  influence  of  a  ferment,  in 
the  animal's  body  (liver,  Ac.),  to  some  other  colouring-matter.  This 
view  being  supported  by  the  fact  that  one  can  extract  from  the 
liver  colouring-matters  which  are  present  with  the  enterochlorophyll. 
Moreover,  these  colouring-matters  are  closely  related  to  those  of  the 
integument  ;t  for  instance,  in  crabs  one  finds  lutein  in  the  "  bile " 
and  lutein  in  the  hypoderm,  tetronerythrin  in  the  liver  and  in  the 
hypoderm  and  shell,  and  the  same  pigment  in  the  pyloric  coeca  of 
starfishes  and  in  the  integuments  of  the  same  starfishes ;  again, 
haematin  in  the  bile  of  slugs,  and  hsdmatin  derivatives  in  their  integu- 

•  In  tliat  paper  several  integomental  and  other  colouring-matters  are  described, 
wliicli  I  met  with  during  an  examination  of  the  above  and  other  animals.  See 
"Proc.  Birm.  Philoe.  Soc.,"  vol.  iii,  p.  851,  et  seq. 

t  In  the  integument  of  Crustacea  (exoskeleton  and  hypoderm)  I  found  tetron- 
erythrin, lutein,  and  a  pigment  like  Moselej's  '*  actiniochrome  ;"  in  that  of  slugs  a 
peculiar  heematin  derivative ;  in  that  of  starfishes  tetronerythrin,  a  pigment  like  ac- 
tiniochrome, and  a  peculiar  hsematin  derivative :  these  are  described  in  the  paper 
above  referred  to.    "  Proc.  Birm.  Philos.  Soc,"  vol.  iii,  1883. 

VOL.  XXXV.  2  0 
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ment,  and  so  on.  Hence  the  conclusion  follows  tliat  the  integn- 
mental  colouring-matter  is  prepared  by  the  liver,  or  organ  answeriog 
to  the  liver.  The  next  question  which  suggests  itself  is  this :  from 
what  constituent  in  the  liver  are  the  pigments  built  up?  I  am 
inclined  to  think  that  tetronerythrin  is  probably  built  up  from  a 
lutein  pigment,  as  they  are  respectively  soluble  in  the  same  media, 
and  concentrated  solutions  of  both,  of  sufficient  depths,  have  the  same 
peculiar  absorptive  powers  for  the  violet  end  of  the  spectrum. 
Tetronerythrin  occurs  in  abundance,  both  in  the  coloured  hypodcrm 
and  exoskeleton  of  Homarw  and  Caneer  pagvrus^  and  lutein  is 
present  abundantly  in  their  livers  ;  in  Caremm  mconas  lutein  is  present 
in  both  situations.  Prayer*  called  attention  l<mg  ago  to  the  fact  that 
the  larva  of  Ohironomtts  contains  haemoglobin,  and  yet  lives  on  purelj 
vegetable  substances  ;  so  also  does  a  sheep,  a  cow,  or  any  other  purelj 
herbivorous  Vertebrate,  and  yet  hemoglobin  is  manufactured  in  large 
quantity  in  their  bodies.f  It  is  likely  that  the  radicals  which  fumiffh 
the  colouring-matters  in  the  plant  would  be  made  use  of  by  the  animal, 
in  the  synthetical  production  of  such  bodies  as  hasmatin  or  hiemo- 
globin  for  instance,  and  just  as  there  is  a  close  relationship  between 
lutein  and  tetronerythrin,  so  there  is  certainly  a  close  relationship 
between  lutein  and  hsBmoglobin.  For  instance,  in  an  egg  the  only 
pigment  present  is  lutein,  and  therefore,  if  one  colouring-matt^  is 
derived  from  another,  the  hemoglobin  of  the  chick  must  be  in  the 
first  instance  derived  from  the  lutein  of  the  yolk.  Again  haomo* 
globin  when  eztravasated  into  the  ovary,  gives  rise  to  a  pigment 
presenting  a  close  relationship  with  that  of  egg-yolk,  so  nrach  so  that 
it  has  been  called  lutein.  For  the  present  I  may  call  attention  to  the 
fact  that  in  some  cases  the  simultaneous  presence  of  hemochromogen 
and  chlorophyll  has  been  demonstrated  in  the  livers  of  Pulmonate 
Mollusca,  and  the  amount  of  one  seems  to  depend  on  that  of  the 
other,  for  instance,  when  there  was  much  hsmatin  present  there  was 
little  chlorophyll,  and  vice  versd ;  this  would  seem  to  show  that  th« 
possibility  of  the  construction  of  haomatin  from  chlorophyll  soggests 
itself,  and  must  not  be  forgotten. 

Bilirubin  is  an  undoubted  hsamoglobin  derivative  (aa  I  shall  show 
further  on),  and  according  to  Gautier J  its  formula  approaches  that  of 
chlorophyll  very  closely ;  the  body  chlorophyllan  obtained  in  crystals 
from  an  alcoholic  solution  of  chlorophyll  gave  numbers  which  led 
Gautier  to  the  formula  Ci9H^Njj08,  which  is  not  far  removed  from  that 
of  bilirubin,  Ci^HigNjOg. 

•  "  Die  Blutkrystalle,"  1871. 

t  And  hffimatin  in  the  bile  of  some  of  them,  as  shown  in  a  former  paper.  *  Proe. 
Roy.  Soc.,"  1880,  vol.  31,  p.  206. 

X  "Comptee  Rendus,"  1879.  "Bot.  Zeitg.,"  1880.  See  also  UoppeSeykt, 
"  Berich.  Deut.  Chem.  Ges.,"  1879,  and  «  Bot  ZeitgV  1879. 
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The  hflBinochroiDOgen  in  the  crayfish  and  in  Polmonate  Mollnsca  is 
beyond  doubt  a  respiratory  pigment,  and  it  seems  to  me  that  in 
addition  to  the  respiration  in  the  branchiao  of  the  former  and  in  the 
palmonary  chamber  of  the  latter,  this  pigment  enables  the  animal  to 
carry  on  ifUestindl  respiration,  as  in  certain  crabs  and  OohiOs  fossUis, 
Semper*  refers  in  a  note  to  intestinal  respiration  in  Mollnsca,  which 
from  the  facts  above  narrated  I  believe  to  be  carried  on  in  the 
intestine  of  Pnlmonates  by  means  of  hsmochromogen. 

Dr.  Sorbyt  refers  to  the  importance  of  the  presence  of  hsBmatin 
from  the  standpoint  of  the  evolntionist,  so  that  this  question  need 
not  be  here  discussed. 

In  addition  to  the  classes  of  chlorophyll  containing  animals  men- 
tioned by  Geddes,  J  namely,  those  which  vegetate  by  their  own  intrinsic 
chlorophyll  and  those  which  vegetate  "  by  proxy,**  so  to  speak,  or  by 
means  of  parasitic  algfla,  a  third  class  must  now  be  added:  those 
which  contain  enterochlorophyll  in  their  livers,  or  other  appendages 
of  the  enteron. 

Concl^usUms, 

(1.)  The  existence  of  enterochlorophyll  in  the  liver,  or  other 
appendages  of  the  enteron  in  Invertebrata,  is  definitely  established. 

(2.)  This  pigment  occurs  in  greatest  abundance  in  MoUusca,  it 
occurs  less  frequently  in  Arthropoda,  and  its  presence  among  Vermes 
is  not  proved. 

(3.)  The  pyloric  coBoa  of  starfishes  contain  it  in  abundance,  also 
the  intestiniJ  appendage  of  Echinus,  which  fact  shows  that  the  former 
function  like  the  so-called  liver  of  other  Invertebrates. 

(4.)  The  bile  of  the  crayfish  and  that  of  Pulmonate  Mollnsca  con. 
tains  hflBmochromogen ;  in  the  latter  it  is  generally  accompanied  by 
enterochlorophyll,  and  appears  to  be  concerned  more  in  aerial  than 
aquatic  respiration. 

(5.)  The  so-called  liver  of  Invertebrates  is  a  pigment  producing 
and  storing  organ,  as  well  as  being  concerned  in  the  preparation  of  a 
digestive  ferment. 

(6.)  The  presence  of  hcBmochromogen  in  the  bile  of  Invertebrates  is 
apparently  determined  by  their  mode  of  living ;  for  instance,  it  is  not 
distributed  according  to  purely  morphological  considerations. 

(7.)  It  is  not  impossible  that  the  chlorophyll  referred  to  may  be 
synthetically  formed  in  the  animal's  body,  but  any  conclusion  of  this 
kind  is  premature  at  present ;  although  all  the  &cts  observed  tend  to 
support  this  view. 

*  **  Animalu  and  their  Conditions  of  Existence,'*  "  Intemat«  Soi.  Series,**  vol.  xixi, 
note  71  to  page  171.    Of,  also  Darwin's  **  Origin  of  Spwsies.** 
t  "  Erohition  of  Hemoglobin,**  lot,  eit* 
X  JLo9,  cit* 

2  C  2  ^ 
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II.  A  FEW  Observations  on  Vertebrate  Bile  Pigments. 

In  spite  of  tlie  labours  of  physiological  chemists  some  erroneous  ideas 
still  prevail  as  to  the  colouring-matters  of  the  bile  and  their  spectra. 
For  instance,  one  sometimes  sees  bilirubin  described  as  a  greea 
pigment !  And  in  a  recently  published  medical  book  the  author  makes 
the  strange  statement  that  human  bile  owes  its  colour  to  biHverdia ! 
Again,  the  statement  is  frequently  met  with  that  the  bile  oolooring- 
matters  have  no  absorption  spectra.  So  far  is  this  from  being  the 
case,  that  the  spectroscope  is  capable  of  detecting  the  smallest 
quantity  of  the  biliary  pigments  in  pathological  liquids ;  and  I  have 
repeatedly  been  able  to  detect  bilirubin  and  biiiverdin  in  pus,  orine, 
and  other  liquids,  by  its  help. 

In  former  papers*  I  endeavoured  to  show  how  the  urinary  oolonr- 
ing-matters  can  be  prepared  artificially  from  those  of  the  bile  and 
from  hsomatin;  and  I  demonstrated  the  presence  of  a  colouring- 
matter  indistinguishable  from  urobilin  in  mammalian  bile.  Bui,  like 
otliers,  I  failed  to  prepare  either  biUrubin  or  biiiverdin  from  hsamo- 
glol  in  or  its  decomposition  products,  although  the  presence  of  h»mo- 
chromogen  could  be  detected  in  human  and  sheep  bile.  I  have  sinoe 
been  helped  in  the  matter  by  an  experiment  which  took  place  ander 
pathological  conditions,  and  which  proves  beyond  doubt  that  the 
transformation  may  yet  be  accomplished  out  of  the  body. 

I  have  also  to  call  attention  to  the  fact  that  in  sheep  and  ox  bile  the 
prvncipcd  colouring-matter  is  not  biiiverdin ;  for  although  I*  ha^e 
already  shown  that  the  body  giving  the  peculiar  series  of  bands  is 
probably,  in  fact  undoubtedly,  a  partly  hsomatin  derivative,  I  had  not 
studied  fully  its  spectrum  nor  the  best  method  of  procuring  it  for  spec- 
troscopic study.  I  have  also  made  a  few  observations  on  stercobilin 
and  on  urobilin,  prepared  by  sodium  amalgam  from  bilirubin,  which 
show  that  the  conclusion  is  rather  premature  that  the  pigment  known 
as  febrile  urobilin  is  identical  with  either,  as  I  had  already  inferred. 

Spectra  of  Bilirvbin^  Biiiverdin,  Bilifusein,  BUihumin,  and  BiU^ 
prasin, — Bilirubin  possesses  a  peculiar  absorptive  power  for  the  violet 
end  of  the  spectrum,  and  in  concentrated  solution  it  absorbs  all  this 
end  up  to  D.  Dr.  Quinlanf  proposes  that  this  property  should  be 
made  use  of  for  the  detection  of  bilirubin  in  urine.  The  very  abrupt 
character  of  the  edge  of  the  shading  is  quite  peculiar.  It  re- 
sembles in  this  respect  solutions  of  tetronerythrin  and  concentrated 
solutions  of  lutein,  especially  of  egg-yolk.     The  red  coloration  pro- 

•  "  Proc.  Roy.  Soc.,"  1880,  vol.  81,  pp.  26,  206. 

t  "  The  Application  of  Specttoim  Analysis  to  the  Estimation  of  Bile  in  the  Benal 
Secretion  of  Patients  suffering  from  Jaundice,"  "  Ppoc.  Roy.  Irish  Aoad.,*'  2iid  ser., 
vol.  Ill  (Science).  See  also  '*  Die  Quantitative  Spectralanaljse  in  ihrer  Anwendung 
auf  Physiologie,  Physik,  Chemie  und  Technologie."    By  Carl  Yieroidt*     1876. 
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dnced  in  urine  by  boiling  with  hydrochloric  acid  has  a  similar  absorp- 
tive power  for  the  violet  and  blue.  It  is  certainly  worthy  of  remark 
that  chlorophyll  in  plants,  and  hsdmoglobin,  tetronerythrin,  lutein, 
and  bilimbin  in  animals,  should  have  this  property. 

Biliverdin  has  much  the  same  optical  characters  as  bilirubin,  except 
that  more  green  is  transmitted. 

The  brownish-green  alcoholic  solution  of  biliprasin  was  found  to 
absorb  in  a  deep  layer  the  spectrum  up  to  three-fourths  the  distance 
from  D  to  E,  but  the  edge  of  the  shading  was  not  abrupt,  bat 
gradually  shaded  off  towards  red.  It  gave  the  spectrum  of  Gmelin's 
reaction  when  treated  with  nitric  acid;  and  with  caustic  soda  a 
peculiar  shading  or  feeble  band  became  detached,  placed  midway 
between  D  and  E.  The  yellow-brown  alcoholic  solution  of  bilifuscin 
gave  a  similar  spectrum,  and  behaved  similarly  as  regards  spectrum 
with  nitric  acid  and  with  caustic  soda. 

Bilihumin  when  dissolved  in  alcohol  formed  a  dirty  brownish-green 
solution,  which  had  the  same  optical  properties  as  the  last  two 
colouring-matters.  It  became  yellow- brown  with  caustic  soda,  and 
gave  the  band  already  described.     It  also  gave  Gmelin's  reaction. 

BUe  Spectra  of  various  Animals, — I  have  already  drawn  attention  to 
the  peculiar  series  of  bands  seen  in  the  bile  of  certain  animals,  and 
shown  that  they  are  probably  due  to  the  presence  of  altered  hsamatins.* 
I  have  examined  since  then  the  bile  of  the  tortoise,  mud  turtle, 
common  ringed  snake,  and  cormorant,  but  could  detect  no  bands. 
During  htbemation  no  urohilin  could  he  detected  in  the  bile  of  the  reptiles, 
I  have  succeeded  in  detecting  this  colounng- matter  in  the  alcoholic 
extract  of  the  liver  of  Salamandra  maculata  in  greater  quantity  than 
can  be  accounted  for  on  the  supposition  that  it  was  present  in  the 
blood-vessels  of  the  liver,  and  this  indicates  that  urobilin  is  probably 
formed  in  thai  organ.  I  shall  show  further  on  there  are  reasons  for 
supposing  that  the  bydrobilirubin  in  the  intestine  differs  somewhat 
from  the  urobilins  of  urine.  In  the  liver  of  the  toad,  frog,  newt, 
tortoise,  ringed  snake,  and  mud  turtle,  as  well  as  in  that  of  the  pig, 
cat,  guinea-pig,  rabbit,  and  man,  I  can  find  no  urobilin  in  the  alcohol 
extract,  probably  for  the  same  reasons  that  other  chemical  compounds 
which  are  known  to  be  formed  in  that  organ  cannot  be  detected  in  its 
extract,  namely,  that  they  are  removed  as  soon  as  formed.f  The 
alcohol  extract  of  the  above-mentioned  livers  generally  showed  the 
lutein  spectrum.  In  the  alcohol  extract  of  the  liver  of  a  little  fish, 
which  I  believe  was  Blennius pholis,  abundance  of  tetronerytherin  was 

•  "  Spectroscope  in  Medicine,"  1880,  and  "  Proc.  Roy.  Soc.,"  1880,  vol.  31,  p.  26. 
It  is  a  Tery  interesting  fact  that  the  bile  of  Pulmonate  Mollusca  and  of  Astcumsf, 
should  contain  reduced  hsematin  like  that  of  certain  mammalia  in  which  I  have 
found  it,  as  already  communicated  to  the  Royal  Society. 

f  I  have  found  hydrobilirubin  in  the  feoee  of  the  frog  and  salamander. 
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foand.  Now  as  tbis  pigment  occurs  in  the  skin  of  MuUus  surmvieku 
and  oiher  fishes,  it  is  not  impossible  that  in  some  fishes  the  liyer  may 
function  in  a  similar  manner  to  that  of  Invertebrates,  and  serre  as  a 
pigment-storing  organ  for  surface  coloration. 

Detection  of  BiUrubin,  ^.,  in  Exudations. — The  peculiar  series  of 
bands,  and  the  way  in  which  thej  appear  and  disappear  when  solu- 
tions of  the  bile-pigments  are  treated  with  nitric  acid,  serve  as  accu- 
rately for  their  detection  as  can  be  wished.  In  a  former  paper  I 
showed  the  effect  of  chlorine  in  traces  on  such  a  solution,  and  the 
description  of  the  spectrum  thereby  produced  applies  to  Gmelin's 
reaction.  A  band  appears  before  D,  then  one  after  D,  and  one  at  F ; 
the  second  one  &des  away  first,  followed  by  that  before  D,  and  that  at 
F  is  left.  This  finally  also  disappears.  No  other  animal  colouring^ 
mutter  behaves  in  this  manner,  hence  this  test  is  conclusive.  In  apply- 
ing it  the  colouring-matters  should,  if  possible,  be  got  into  solution  in 
alcohol  or  chloroform,  and  the  nitric  acid  added  to  the  solution.  Care 
is  necessary  in  the  case  of  the  alcoholic  solution,  and  it  should  be 
diluted  sufficiently  with  water  before  adding  the  acid. 

Origin  of  the  Colouring -m^xtters  of  Bile. — The  discrepancies  in  the 
statements  of  physiological  chemists  as  to  the  identity  of  heBmatoidiu 
and  bilirubin  probably  arose  from  the  fact  that  deposits  of  blood 
colouring-matter,  undergoing  all  stages  of  decomposition,  have  been 
included  under  that  name.  The  evidence  for  the  identity  is  given  by 
Hoppe-Seyler  in  his  "  Physiologische  Chemie"  (pp.  311 — 813).  I 
have  already  shown  that  the  same  pigments  can  be  formed  from  hanno- 
globin  and  bilirubin,  but  an  actual  proof  of  the  transformation  of 
hasmoglobin  into  hiliverdin  has  not,  so  far  as  I  know,  been  brought 
forward  until  now. 

The  liquid*  in  which  the  biliverdin  was  detected  had  been  remoTed 
by  tapping  from  the  tunica  vaginalis  testis  of  a  case  of  chronic 
epididymitis.  Six  months  before  the  specimen  was  removed  the  sac 
had  been  transfixed  by  a  needle  in  the  hope  of  causing  absorption,  but 
without  effect ;  three  months  later  it  was  punctured  with  a  trochar 
and  canula,  and  about  two  ounces  of  blackish  bloody  serum  drawn  off, 
but  the  fluid  again  accumulated,  and  at  the  end  of  three  months  tap- 
ping was  again  performed.  The  liquid  removed  on  this  occasion  was 
a  dark  bluish-green.  Since  it  was  albuminous,  a  method  had  to  be 
adopted,  before  applying  the  spectroscopic  test,  which  would  coagulate 
the  albumen  without  altering  the  colouring-matter,  and  then  extract 
the  latter.  The  liquid  showed,  however,  without  any  treatment,  the 
presence  of  a  haemoglobin  derivative,  which  was  proved  by  appropriate 
tests  to  be  a  body  intermediate  between  methflemoglobin  and  luematin ; 
it  also  absorbed  strongly  the  violet  end  of  the  spectrum.   The  albumen 

•  I  hare  to  thank  Dr.  Carter,  of  Birmingham,  for  this  Bpeeimen. 
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was  coagulated  bj  absolute  aloohol,  and  tbrown  on  a  filter,  the  mass  on 
the  filter  exhausted  with  it,  the  faintly  green  filtrate  evaporated  at  a 
gentle  heat.  When  the  residue  was  extracted  with  alcohol,  and  the 
latter  treated  with  nitric  acid  after  proper  dilution,  the  above  reaction 
and  the  spectrum  of  Gmelin's  reaction  could  be  made  out  easily.  It  is 
a  well-known  fact  that  nitric  acid  will  lead  to  erroneous  conclusions 
when  added  to  an  alcoholic  solution  of  bile-pigments,  but  the  spectro- 
scope always  shows  whether  the  colour  reaction  is  due  to  bile-pigment 
or  not.  As  well  as  I  could  make  out,  the  band  before  D  extended 
from  X620 — 596,  that  after  D  faded  quickly  away,  that  at  F  read  from 
X511 — 194.  By  the  action  of  oxidising  and  reducing  agents  I  found 
that  the  pigment  present  could  have  been  nothing  else  but  biliverdin. 

In  this  case  no  jaundice  was  present  and  the  only  source  from 
which  the  biliverdin  could  have  been  derived  was  haBmoglobin,  which 
was  first  converted  into  methsBmoglobin,  then  into  the  pigment  inter- 
mediate between  that  and  haomatin,  and  finally  into  biliverdin.  This 
transformation  was  probably  one  of  gradual  oxidation,  assisted  by  the 
action  of  a  ferment,  whioh  is  doubtless  present  in  hydrocele  liquid. 
That  a  ferment  is  present  in  the  testis  is  probable,  as  Berthelot  has 
prepared  glucose  by  rubbing  up  testicular  tissue,  glycerine,  and  man- 
nite  together.  The  "  haematochlorin  "•  of  the  placenta  of  the  bitch  is 
probably  formed  in  a  similar  manner. 

Identity  of  Stercohilin  and  Hydrohiliruhin ;  Differences  from  Uro- 
bilin of  Urine, — The  spectra  of  solutions  of  hydrobilirubin  prepared 
by  the  action  of  sodium  amalgam  on  bilirubin  have  been  already 
described.f  I  have  again  prepared  it,  and  find  no  differences  in 
the  characters  of  the  pigment  from  those  which  I  described ;  but  I 
have  to  call  attention  to  Chart  II,  sp.  14,  of  my  former  paper,  which 
represents  an  alcoholic  solution  of  hydrobilirubin  treated  with  caustic 
soda.  In  that  spectrum  a  band  is  shown  touching  0  and  placed 
between  that  line  and  D,  another  at  D,  and  a  third  from  b  to  near  F. 
I  now  find  the  very  same  bands  in  an  alcoholic  extract  of  the  faeces  of 
the  cat,  after  treatment  wifch  caustic  soda.  They  were  also  seen  in 
extracts  of  gall-stones,  as  I  have  previously  stated,  but  these  bomde  are 
not  fovmd  in  an  alcoholic  solution  of  urobilin  from  urine  when  treated 
with  caustic  soda.  Hence  if  the  urobilin  of  urine  is  derived  from  the 
hydrobilirubin  of  the  intestine,  it  has  undergone  some  change  after 
leaving  the  intestine  (by  absorption). 

An  alcoholic  solution  of  cat*s  fseces^  shows  the  band  at  F  with  great 
distinctness  from  X505 — 484},  and  after  treatment  with  caustic  soda, 
the  orange  solution  became  more  yellow  and  gave  a  less  refrangible 
band  from  X516 — 500  in  a  shallow  layer,  but  in  a  deep  one  that 

•  Preyer,  "  Die  Blutkryetalle." 

t  "  Proc.  Boy.  Soc.,"  1880,  vol.  81,  p.  206. 

X  Bemoved  after  death  from  large  intestine. 
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reagent  developed  a  band  in  red  between  G  and  D,  and  another  cover- 
ing D,  exactly  as  figured  in  the  above-mentioned  chart  of  spectra.  The 
centre  of  the  first  was  at  \634,  of  the  second  at  X589.  In  an  alcoholic 
solution  of  artificially  prepared  hydrobilirubin  caustic  soda  develops 
the  same  bands,  hut  in  an  alcoholic  solution  of  febrile  urobilin  they  are 
not  seen  after  it  is  added,  a  band  in  green  being  seen  instead, 

I  have  isolated  febrile  urobilin  several  times,  and  find  its  spectra 
coincide  with  those  previously  described,*  and  that  the  two  bands  near 
D  are  as  much  part  of  the  spectrum  as  that  at  F.  So-called  indigo- 
blue  gives  a  band  before  D,  and  **  omicholin  "  one  after  D,  but  I  find 
that  these  bands  give  totally  different  readings,  and  neither  was 
present  in  the  isolated  pigment ;  but  this  will  be  again  referred  to. 

T?ie  Colouring-matters  of  Sheep  atid  Ox  Bile. — When  some  brown- 
green  sheep  bile  in  a  thickness  of  18  millims.  was  placed  before  the 
slit  of  the  spectroscope  (one-prism  chemical),  the  spectrum  was 
absorbed  at  one  end  at  X744  completely,  at  the  other  at  X534 ;  the 
shading  was  continued  for  some  slight  distance  over  the  visible  spec- 
trum ;  between  these  points  three  bands  were  visible,  viz. : — 

1st  Band X666— 634 

2nd   „      X610— 587-5 

3rd    „      \576— 561 

In  the  same  depth  of  brown  ox  bile  three  bands  are  also  visible 
which  had  the  same  position.f  Absolute  alcohol  was  now  added  to 
both  specimens  of  bile,  and  they  were  then  filtered. 

The  ox  bile  filtrate  appeared  to  have  a  slightly  red  fluorescence ;  it 
had  a  red  colour  (by  gaslight  it  was  dichroic,  vide  infra),  and  gave 
four  bands  as  follows  :— 

1st  Band X656— 643.  Centre 648  5 

2nd   „     X612— 684*5.        „      .596 

3rd    „      '.  X578-.564.  „      570 

4th    „      X536— 518.  „      528 

When  this  was  shaken  with  chloroform,  the  latter  took  up  the 
colouring-matter  and  was  dichroic ;  looked  down  upon  in  a  beaker,  it 
appeared  red,  but  had  a  greenish  tinge  with  transmitted  daylight. 
This  gave  a  spectrum  of  four  bands : — 

1st  Band X651— 634 

2nd    „      X604— 581-5 

3rd    „      X571-5— 561 

4th    „      X534— 516 

•  "  Proc.  Boy.  Soc.,"  1880,  vol.  81,  p.  26. 

t  Maps  of  the  spectra  of  ox  and  sheep  bile  are  pven  in  the  paper  published  in 
"  Proc.  Boy.  Soc."  already  referred  to. 
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Tliis  solution  looked  greenish  on  a  white  dish,  and  afler  evaporation 
over  the  water-bath  left  a  residue  of  a  peculiar  colour,  a  kind  of 
mixture  of  green,  brown,  and  red.  It  was  soluble  in  alcohol,  giving 
the  spectrum  already  described  (and  the  dichroism)  ;  but  a  portion 
remained  undissolved,  which  had  a  lavender  colour  and  dissolved  in 
chloroform,  forming  a 'rose- red  solution  (gaslight,  green  by  daylight), 
^viug  the  same  spectrum  as  the  former  chloroformic  solution.  Both 
nitric  and  hydrochloric  acid  developed  bands  in  this  chloroformic 
solution,  somewhat  like  those  <3i  sulphate  of  crueutine  or  acid  hsemato- 
porphyrin,  but  having  difierenc  measurements  and  peculiarifcies  of 
shading.  The  colouring-matter  of  ox  bile  is  also  soluble  in  ether,  and 
this  gives  the  same  series  of  bands  as  an  alcohol  or  chloroform 
solution. 

A  chloroformic  solution  of  sheep  bile  showed  in  addition  the  band 
of  urobilin  from  X502— 482. 

Several  experiments  were  made  on  these  colouring-matters,  but  as 
my  object  is  mferely  to  show  that :  (1)  chlorophyll  as  such  cannot  be 
present  in  sheep  bile,  since  the  band  in  red  is  in  an  entirely  different 
position ;  and  (2)  to  compare  the  spectrum  of  sheep  aud  ox  bile  with 
that  of  Gmelin's  reaction,  I  will  not  here  give  further  details,  espe- 
cially as  I  hope  to  study  the  relationship  of  these  colouring-matters  to 
those  of  various  decomposition  products  of  haemoglobin  and  chloro- 
phyll at  some  future  time. 

If  chlorophyll  were  present,  not  only  would  the  band  mentioned 
above  have  been  nearer  the  red,  but  the  spectrum  of  acid  chlorophyll 
should  have  been  got  with  nitric  acid,  which  was  not  the  case.  With 
regard  to  the  spectrum  of  ox  bile,  Hoppe-Seyler*  makes  a  statement 
which  cannot  now  be  accepted.  After  describing  the  spectrum  of 
ox  bile,  he  says  that  the  same  body  can  be  got  by  the  oxidation  of 
bilirubin,  biliverdin,  or  bilifuscin,  with  nitric  acid  or  bromine- water, 
when  these  are  made  to  act  on  chloroformic  solutions.  According  to 
my  observations,  a  body  of  totally  different  spectrum  appearances  is 
produced  under  these  circumstances.  Thus,  if  the  bilicyanvn  of 
Heynsius  and  Campbellf  (which  according  to  Hoppe  is  identical 
with  the  sheep  bile  pigment,  and  which  gives  the  bands  before 
and  after  D)  be  prepared  according  to  the  following  method,  which 
I  find  answers  for  the  purpose,  a  different  conclusion  is  arrived  at. 
An  aqueous  alkaline  solution  of  bilirubin  was  treated  with  nitric 
acid  until  the  black  band  was  seen  at  F ;  it  was  then  quickly  poured 
into  a  separating  funnel,  diluted  with  water  and  shaken  with  chloro- 

*  "  Handbuoh,"  loc.  eit^  p.  211.  It  cannot  be  denied  that  the  pigment  of  sheep 
and  ox  bile  is  partly  a  hematin  derivatiTe,  and  it  does  present  some  likeness  to 
chlorophjlL  It  may  possibly  be  a  mixture  of  deriyatiyes  of  both.  I  hope  to  in- 
Testigate  this  shortly. 

t  "  Arch.  f.  d.  aes.  Physiol.,"  IV,  p.  497. 
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form,  bat  the  cUoroform  failed  to  take  much  colonrmg-matter  up ;  a 
deposit  formed,  being  precipitated  by  the  chloroform,  which,  when 
'  dissolved  in  alcohol,  formed  a  fine  bine  solntion,  giving  a  band  before 
D  and  one  at  F,  the  first  fix)m  X616— 590*5,  the  second  X507— 486 .• 
67  farther  addition  of  nitric  acid  to  this  solation  it  could  be  made  to 
show  a  band  after  D ;  it  was  then  shaken  with  chloroform,  and  the 
latter  separated  ofE  was  a  parple-red  hj  gaslight,  and  gave 

Ist  Band X620— 692  or  590  5 

2nd   „      X5a3-^48 

3rd    „     X509— 486 

If  these  measurements  are  compared  with  those  of  the  bands  of  a 
similar  solation  of  ox  or  sheep  bile  colouring- matter  a  wide  difference 
is  apparent.  Hence  the  pigments  of  sheep  or  ox  bile  and  that  pro- 
duced from  bilirubin  by  oxidising  agents  are  not  the  same. 

Another  spectrum  can  be  got  by  acting  on  bilirubin  in  alkaline 
aqueous  solution  with  potassium  permanganate ;  by  cautious  addition 
of  this  reagent  a  band  appears  in  the  space  between  D  and  E,  and 
touching  the  latter  line;  but  on  adding  more  permanganate  it  dis- 
appears and  a  green  solution  is  formed,  which  is  merely  due  to  the 
action  of  the  caustic  soda,  used  in  dissolving  the  bilirubin,  on  the 
permanganate. 

III.  On  bomb  Unusual  TJbinb  Pigments,  Ac. 

In  former  papers  I  have  described  four  pigments,  namely,  febrile 
urobilin^  normal  urobilin,  urohosmatiny  and  urolutem.  1  have  here  to 
refer  to  the  spectroscopic  detection  of  indiean  in  urine,  to  uroerylkrin^ 
and  to  a  peculiar  colouring-matter  met  with  in  pale  urine.  I  am  more 
convinced  than  ever  that  only  by  the  use  of  the  spectroscope  can 
these  pigments  be  distinguished  from  each  other ;  and  the  condition 
of  the  first  three  i^imishes  one  with  an  exact  test  of  the  amount  of  the 
metabolism  of  hemoglobin,  and  of  the  oxidation  or  reduction  going 
on  in  the  organism.  I  have  first  to  refer  to  some  matters  bearing  on 
former  results. 

The  Spectrum  of  Febrile  Urobilin, — I  have  made  measurements  of 
the  bands  of  solutions  of  this  pigment,  as  those  in  my  first  paperf 
were  not  made  with  the  help  oi  the  more  exact  method  of  measuring 
now  at  my  disposal.^  The  pigment  was  obtained  by  means  of  the 
method  described  in  former  papers. 

*  A  9hading  was  perceptible  after  D  from  X689 — 648  ? 

t  "  Proc.  Boy.  Soc.,"  1880,  toI.  31.  p.  26. 

{  All  the  waye-lengths  in  this  paper  are  oaloolated  by  maani  of  an  interpolation 
curve  adapted  to  the  scale  of  a  one-prism  chemical  speotroeoope,  af  (he  miototpeo* 
troscope  cannot  be  sufficiently  relied  upon  for  accurate  wo^ 
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The  chloroform  solution  gaye  three  bands  :— 

1st  Band    X612— 592       Centre    604 

2nd   „        X576— 552  „        564 

3rd    „        X511— 488  „ 499 

The  ethereal  solution  also  gave  three  bands : — 

1st  Band    X610— 589      Centre 600 

2nd   „        X576— 545  „        562 

8rd    „        X509— 488  „        498 

An  absolute  alcohol  solution  gave : — 

Ist  Band    X610— 587  -5  Centre    600 

2nd   „        X576— 558  „        567P 

8rd    „        X516— 488  „        502 

This  with  caustic  soda  gave  two  bands :  the  first  from  \583 — 561, 
and  second,  X521 — 507. 

In  a  deep  layer  of  an  aqueous  solution  a  faint  shadow  could  be 
seen  covering  D ;  by  treatment  of  this  aqueous  solution  with  perman- 
ganate  of  potassium,  this  shadow  could  be  made  to  disappear ;  that  at 
F  was  narrowed,  became  hazy,  and  finally  disappeared.  So  that  just 
as  normal  urobilin  can  be  reduced  back  to  febrile  urobilin,  as  I  formerly 
showed,  so  can  febrile  be  oxidised  into  normal  urobilin. 

By  tiding  on  a/n  alcolwlic  solution  with  caustic  soda  no  hands  at  C  and 
D  in  the  position  of  those  obtained  in  a  simila/r  solution  of  hydrobilirubin 
artificially  prepared,  or  in  a  similar  solution  of  stercobilin,  could  be  seen. 
Hence  febrile  urobilin  is  not  identical,  as  previously  stated  (supra), 
with  hydrobilirubin  or  with  stercobilin.  If  it  is  derived  from  sterco- 
bilin,  it  has  undergone  some  change  before  its  excretion  in  the  urine. 

Dr.  Harley*s  Urohcematin, — I  have  repeated  Dr.  Harley's  experi- 
ments on  '*  urohaematin  "*  and  find  not  only  is  his  pigment  totally 
different  from  any  that  I  have  described,  but  a  mixture  of  several 
decomposition  products  of  chromogens,  produced  by  the  action  of  heat 
and  mineral  acids  on  them ;  nor  by  following  out  his  directions  could 
anything  approaching  a  pure  residue  be  obtained.  Hoppe-Seyler's 
conclusion  that  his  results  are  only  of  historical  value  may  therefore 
be  accepted.  I  mention  this,  as  I  had  omitted  in  former  papers  to  say 
that  Dr.  Harley  had  inferred,  long  before  the  spectroscope  was  iised  in 
such  investigations,  that  the  colouring-matter  of  urine  was  derived 
from  that  of  blood,  but  the  resemblance  between  his  *'  urohsematin  " 
and  the  pigments  which  I  have  described  lies  only  in  the  name. 

•  «  Ueber  Urohnmatin  and  seine  Yerbindung  mit  Animalsohem  Hane."  **  Aus 
den  Yerhand.  der  Physioaliaoh-Med.  aesellsch.  lu  WtUvburg,"  Bd.  6, 1854.  Also 
**  Pharmac.  Journal  and  Trans/*  toI.  xii,  1852-58,  p.  248. 


Digitized  by 


Google 


396  Dr.  C.  A.  MacMunn.      . 

Urohcematin  and  HcBniatoporphyrin, — Since  I  described  nrobematin 
I  have  met  with  it  five  times,  foar  times  in  the  urine  of  acute  rheu- 
matism and  once  in  the  urine  of  a  case  of  so-called  *' idiopathic '* 
pericarditis.  Its  occurrence  in  the  urine  in  the  former  disease  appears 
to  be  pretty  constant,  and  this  is  interesting  when  its  artificial  produc- 
tion is  borne  in  mind,  since  it  is  produced  by  the  action  of  nascent 
hydrogen  on  acid  hasmatin.  It  would  seem  to  indicate  that  an  acid 
fermentation,  attended  by  the  destruction  of  considerable  quantities  of 
hsBmoglobin,  is  present  in  that  disease,  and  this  agrees  with  the  well- 
known  fact  that  a  product  of  such  fermentation  is  present  in  the 
blood  of  acute  rheumatism,  namely,  lactic  acid.*  Since  this  acid  is 
produced  from  glycogen  (as  well  as  in  the  muscles),  and  since  hsBmo- 
globin  is  broken  down  in  the  spleen  and  sent  into  the  liver  (being 
helped  there  by  the  rhythmical  contraction  of  the  spleen,  which  Koy 
has  discovered),  to  be  changed  into  the  colouring-matters  of  bile  and 
urine,  it  would  appear  that  the  liver  is  the  principal  seat  of  this  pecu- 
liar fermentation.  The  presence  of  urohasmatin  in  the  urine  at  all 
events  indicates  that  the  normal  oxidation  of  hsBmoglobin  down  into 
urobilin  is  not  taking  place,  and  that  probably  the  bodies  with  which 
urohaematin  is  associated  are  also  insufficiently  oxidised.  Hence  its 
occurrence  is  of  great  pathological  importance.  I  find  that  when 
present  in  sufficient  quantity  it  can  be  detected  without  isolation,  as  its 
bands  are  easily  seen  in  the  urine  itself.  In  this  liquid  it  can  be  made 
to  show  two  spectra  which  are  equally  characteristic,  namely,  that  of 
acid  and  netUral  vrohoemaiin^  and  these  can  be  distinguished  from  those 
of  methasmoglobin  or  of  haamatin,  by  the  use  of  sulphide  of  ammo- 
nium, as  this  has  no  effect  on  urohasmatin. 

It  occurs  in  the  urine  in  the  condition  of  neutral  or  slightly  alkaline 
urohaamatin,  and  this  shows  four  bands — a  feeble  one  between  C  and 
D,  two  between  D  and  E,  and  a  third  close  to  F  (see  sp.  16) ; 
the  second  and  third  bands  might  easily  be  mistaken  for  acid 
methaamoglobin,  but  sulphide  of  ammonium,  as  stated  above,  serves  to 
distinguish  them.  Moreover,  when  it  is  present.  Day's  test  fails  to 
give  a  blue  coloration.     The  bands  just  referred  to  gave  in  the  urine 

the  following  measurements : — 

• 

1st  Band X620— 608 

2nd  „   \580— 561 

3rd  „   \542— 530 

4th  „   X507— 486 

*  The  presence  of  lactic  acid  in  the  blood  of  patients  suffering  from  acute  rhen- 
Baatism  is  inferred  from  the  experimento  of  Dr.  Richardson.  There  is  at  all  erenU 
an  exoesdre  production  of  add  of  some  kind  in  that  disease.  I  failed  to  produce 
any  endo-  or  peri-carditis  in  guinea-pigs  and  rabbits  by  the  injection  of  lactw  add 
into  their  peritoneal  cayities. 
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On  adding  an  acid,  such  as  nitric,  in  small  qaantity,  two  very 
cbaracteristio  bands  came  into  view : — 

X594— 587-5  (sp.  17) 

2nd   „      X556-5— 542 

At  first  sight  they  seem  to  resemble  the  bands  of  acid  heemato- 
porphyrin,  but  they  are  different.  To  prove  this  I  adapted  an  inter- 
polation curve  to  the  drawing  of  the  spectrum  of  that  body  figured  by 
Hoppe-Seyler  and  found  the  following  measurements  for  acid  hasmato- 
porphyrin : — 

1st  Band X601— 589 

2nd   „      X566— 546 

For  his  alkaline  haematoporphyrin  the  following  measurements  were 
found : — 

1st  Band \630— 615 

2nd    „      \601— 565 

3rd    „      \551— 539 

4th    „      X521-498 

Hence  they  are  not  identical. 

I  have  also  prepared  hsdmatoporphyrin  in  different  ways,  and  find 
that  urohsBmatin,  although  closely  resembling  it,  is  not  the  same  body, 
nor  is  it  identical  with  Baumstark's*  urorvbrohcBmatin  or  urofuscO' 
hcematin,  as  the  solubility  of  these  bodies  is  different.  The  other 
characters  of  the  isolated  pigment  are  described  in  my  last  paper.f 

Spectroscopic  Detection  of  Indiccm  in  Urine, — In  cases  where  Jaffe's 
test  fails  to  detect  indican  in  urine  the  spectroscope  is  able  to  detect 
it. J  The  best  method,  and  one  which,  after  repeated  trials,  I  find  easily 
applied,  is  somewhat  like  that  of  Stockvis,  but  while  he  used  nitric  I 
use  hydrochloric  acid.  The  urine  is  mixed  with  about  its  own  bulk  of 
hydrochloric  acid  and  boiled  ;  after  cooling,  it  is  agitated  with  chloro- 
form, not  violently  shaken,and  left  to  rest  for  some  time.  When  the 
urine  contains  indican  the  chloroform-layer  is  more  or  less  violet  and 
shows  a  band  before  D.  The  latter  corresponds  in  position  with  that 
of  the  so-called  **  omicholin."  In  applying  the  test  the  urine  always 
gets  more  or  less  red,  and  there  is  a  strong  absorption  of  the  violet 
end  of  the  spectrum;  now  I  find  that  in  cases  where  no  indican  is 
present  this  reddening  takes  place.  Some  authorities  say  that  this 
reddening  is  due  to  urrhodin,  others  that  it  is  due  to  indigo-red,  while 
others  maintain  that  these  two  colouring-matters  are  the  same.     But 

•  "  Berichte  der  Deutsch.  Chem.  Gesellsch.,"  1874,  Bd.  7,  p.  1170. 
t  "  Ppoc.  Hoy.  Soc,"  1880,  toI.  81,  p.  206. 

i  Jaffe's  test  is  described  in  most  works  on  the  urine.  See  e.y.,  Neubauer  and 
ToiCel,  *'  Analysis  of  Urine/*  American  translation,  1879. 
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neither  view  is  qaite  correct.  The  roddening  prodaced  by  boiling  with 
hydrochloric  acid  in  normal  urine  is  certainly  not  due  to  the  oxidation 
of  indican,  since  I  can  detect  no  indigo-blue  under  these  circumstancesy 
but  it  is  partly  due  to  the  oxidation  of  the  chromogen  of  urobilin, 
since  the  latter  goes  into  the  chloroform  when  the  mixture  is  shaken 
with  it,  and  can  be  detected  by  means  of  the  spectroscope.  At  Uie 
same  time  the  oxidation  of  the  urobilin  chromogen  does  not  account 
for  all  the  red  coloration  produced  in  normal  urine  and  for  the 
presence  of  the  colouring  matter,  which  then  possesses  an  absorptive 
power  for  the  violet  end  of  the  spectrum.  Hence  the  so-called 
*'  indigo-red"  in  urine  is  not  due  to  the  presence  of  indican,  as  it  is 
present  in  quite  normal  urine,  while  indigo-blue  cannot  be  obtained 
from  the  same  urine  in  all  cases.  I  have,  therefore,  to  agree  with  those 
who  maintain  that  the  above-described  absorption  of  the  violet  end  of 
the  spectrum  is  due  to  "urrhodin,"  and  who  also  maintain  that 
urrhodin  and  indigo-red  are  di^erent  colouring-matters. 

In  most  cases  where  I  have  detected  indican  by  this  method  I  have 
noticed  a  band  in  the  urine  which  seems  to  be  connected  in  some  way 
with  its  presence.  Thus,  in  the  urine  of  a  case  of  aphasia,  due  to 
embolism  from  mitral  disease,  the  addition  of  hydrochloric  acid  to 
the  urine  (which  was  a  reddish  colour)  made  it  redder  in  colour,  and 
a  band  became  developed,  beginning  about  half  way  between  D 
and  E,  and  extending  nearly  to  B.  It  probably  extended  from 
\558 — 634.  The  urobilin  band  was  also  visible.  On  boiling  the 
urine  with  hydrochloric  acid,  cooling,  and  agitating  with  chloroform, 
the  latter  became  a  faint  purple-red  colour ;  this  showed  two  bands 
with  their  centres  at  \608  and  \571-5.  On  evaporating  the  chloro- 
form, alcohol  took  up  the  pigment  from  the  residue,  and  gare  two 
similar  bands.  In  this  case  the  band  before  D  was  less  shaded  than 
that  after  D,  but  in  other  cases  the  reverse  was  the  case ;  this  teaches 
that  not  one,  but  two  distinct  colowring-mcUters  are  indicated  by  the 
presence  of  these  bands,  for  if  only  one  colouring-matter  was  indi- 
cated by  them  then  they  should  possess  the  same  relative  degree  of 
shading  when  dissolved  in  the  same  medium  in  different  cases.  Another 
specimen  of  urine  gave*  the  band  referred  to  above,  namely,  extend- 
ing from  half-way  between  D  and  B  to  near  E,  and  on  treating,  as 
before,  with  hydrochloric  acid  and  chloroform,  the  indigo-blue  band 
before  D  was  well  seen,  the  band  after  D  uncertain.  The  urobilin 
band  was  also  visible.  In  a  specimen  of  urine  (from  a  case  of 
enteiitis),  which  was  a  kind  of  olive-brown  colour,  the  same  treat- 
ment developed  the  bands,  of  which  one  extended  from  \620 — 592, 
the  other  X583 — 661  (in  a  chloroformic  solution).  PossiUy  a  bile 
pigment  partially  oxidised  might  be  mistaken  for  the  pigment,  but  in 

*  Without  any  treatment  whsteree. 
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the  latter  case  the  addition  of  nitric  acid  would  cause  the  disappear- 
ance of  the  hands  near  D,  while  in  the  case  of  indigo-hlue  no  effect 
would  be  produced.  I  have  tried  the  effect  of  the  above  treatment  on 
solutions  of  bile-pigment  and  on  bilicjanin,  and  find  that  they  behave 
quite  differently  from  indican.  When  febrile  urobilin,  or  urohssmatin, 
or  uroerjthrin,  or  other  pigment  is  present,  this  test  is  still  appli- 
cable, and  will  probably  be  found  of  great  use  in  clinical  work.  (See 
.p.  18.) 

Uroerythrtn, — ^A  hot  alcohol  extract  of  uroerythrin  from  pink  urates 
always  gives  a  double  absorption  band  from  about  three-fourths  the 
distance  between  D  and  £  to  beyond  F,  and  therefore  differs  most 
decidedly  in  spectrum  from  that  figured  by  Dr.  Thudichum  ;*  instead 
of  showing  the  three  well-defined  bands  figured  by  him,  it  always 
gives  a  hazy  double  band  or  shading  in  the  position  described.  The 
uroerythrin  which  I  examined  always  answered  to  the  description,  as 
regards  chemical  character,  given  in  books  on  physiological  che- 
mistry, which  I  need  not  repeat.  I  have  figured  this  spectrum  in 
sp.  19,  for  comparison.  I  cannot  trace  any  connexion  between  uro- 
erythrin and  indican  or  urobilin,  but  it  often  accompanies  uro- 
hflsmatin;  and  it  will  be  found  probably  derived  from  a  radical 
belonging  to  the  aromatic  group  of  carbon  compounds. 

A  pecuUar  Bed  CoUmnng 'matter  in  Pals  Urine, — When  urine 
becomes  red  on  the  addition  of  a  mineral  acid  one  is  apt  to  conclude 
that  this  is  due  to  the  formation  of  indigo-red  or  urrhodin,  or 
possibly  that  oxidation  of  the  chromogen  of  urobilin  has  taken  place, 
or  that  a  bile  pigment  may  be  present,  but  the  specimens  of  urine 
which  I  am  about  to  refer  to,  contained  a  pigment  which  was  not  one 
nor  the  other,  as  its  various  spectra  showed. 

The  specimen  of  urine  was  sent  to  me  by  Dr.  Carter  of  Birminghamf 
who  informed  me  that  it  came  from  *'  an  an»mic  sickly  fellow  *'  who 
was  taking  copaiba  and  sandal- wood  oil  for  chrom'c  blenorrhoea.  I  may 
here  state  that  the  urine  of  other  patients  taking  these  drugs  failed  to 
show  any  sign  of  the  presence  of  the  pigment.  The  first  specimen  of 
urine  only  amounted  to  about  an  ounce,  and  owing  to  an  accident  balf 
of  it  was  lost.  It  had  a  pale  straw  colour,  was  faintly  acid,  and  gave 
the  band  of  normal  urobilin. 

When  treated  with  nitric  acid  in  the  cold  it  changed  to  a  splendid 
mby-red  colour  and  gave  a  very  feeble  band  at  D,  and  a  very  dark 
one  between  D  and  E  and  touching  E,  the  latter  from  \568—  634 ;  the 
feeble  shading  perhaps  from  \612 — 589  ?  ;  but  on  boiling  with  nitric 
acid  this  red  colour  was  destroyed,  it  became  yellow,  and  ^e  bands 
were  no  longer  seen.  On  adding  hydrochloric  acid  the  same  feeble 
band  appeared  at  D,  and  in  a  deep  layer  the  whole  spectrum  up  to 

•    "  JotiTO.  Chem.  8oc.,"  1876  (2),  vol.  18,  p.  889. 
t  On  Juinary  24, 1882. 
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near  D  was  absorbed,  in  a  tbinner  layer  three  other  bands  were 
visible,  the  colonr  of  the  solntion  chaDging  to  a  fine  carmine-red.  Tbe 
three  bands  read  as  follows : — 

Ist  Band X558— 534 

2nd    „      X516— 496 

3rd    „      X476— 462  (see  sp.  20  and  21) 

On  boiling  this  solntion  the  colonr  was  not  destroyed,  bnt  tbe 
band  in  violet  disappeared.  Wben  agitated  with  chloroform  or  ether 
no  pigment  went  into  solution.  When  tbe  red  liqnid  got  by  adding 
hydrochloric  acid  to  the  nrine  was  treated  witb  caustic  potash  in 
excess  the  colour  disappeared,  but  again  reappeared  on  adding  hydro- 
chloric acid  in  excess. 

But  in  the  second  specimen  obtained  three  weeks  after  the  above 
examination,  from  the  same  patient,  the  chemical  and  spectroscopic 
characters  differed  slightly  from  those  of  the  first  specimen,  bnt  were 
essentially  the  same.  On  addiog  about  one  quarter  of  its  own 
volume  of  nitric  acid  the  liquid  assumed  a  splendid  red  colonr,  and 
when  agitated  with  chloroform,  the  latter  removed  the  colonring-matier 
forming  a  lake-red  solution ;  by  moans  of  daylight  the  spectrum  was 
seen  to  consist  of  one  broad  band  across  the  middle  of  the  spectrum, 
from  near  D  to  half  way  between  F  and  G,  and  on  dilution  this  band 
could  not  be  divided  into  two.  Afber  evaporation  of  this  solution  a  pale 
yellow  residue  was  left,  the  change  of  colour  being  due  probably  to 
the  action  of  the  heat,  and  a  little  of  the  acid  left  in  the  chloroform, 
on  the  pigment.  If  too  much  nitric  acid  was  added  it  also  lost  its 
red  colour.  With  nitric  acid  alone,  a  band  could  be  seen  between  D 
and  E  and  touching  the  latter  line. 

On  treating  the  urine  with  hydrochloric  acid  and  shaking  with 
chloroform,  the  latter  assumed  a  fine  carmine  colour,  and  after  filter- 
ing  gave  the  same  kind  of  absorption  as  the  nitric  acid  treated 
liquid,  the  broad  band  extending  from  between  D  and  E  to  beyond 
F.  Ammonia  at  once  discharged  the  red  colour  of  this  solution,  bnt 
it  reappeared  on  acidifying  afresh ;  caustic  potash  and  caustic  soda 
acted  similarly.  On  adding  alcohol  to  a  chloroformic  solntion  the 
colour  changed  to  orange,  and  then  only  the  violet  end  of  the 
spectrum  was  absorbed. 

The  red  colour  produced  by  nitric  acid,  or  hydrochloric  acid,  was 
also  taken  up  by  agitating  with  bisulphide  of  carbon,  and  this  gave 
ttie  same  kind  of  spectrum  as  the  chloroform  solution. 

It  was  interesting  to  find  out  whether  indican  was  here  present ; 
the  urine  was  therefore  boiled  with  hydrochloric  acid,  and  after 
cooling  shaken  with  chloroform,  it  then  gave  the  indigo-blne  band 
before  D,  and  another  band  after  D ;  and  on  evaporation  left  a  bluish- 
black  residue.     A  portion  of  the  latter  was  soluble  in  alcohol,  forming 
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a  purple  solution  which  gave  two  bands :  Ist,  from  \630 — 589  ; 
2itd,  about  \573 — 555.     Hence  this  urine  did  contain  indican. 

Although  the  spectroscopic  characters  of  the  second  specimen  did 
somewhat  resemble  those  of  urrhodin,  jet  those  of  the  first  were  quite 
different,  and  hence  T  have  concluded  that  the  colouring-matter  was 
not  urrhodin.  It  also  differs  from  the  pigment  described  by  Plosz,* 
and  seems  from  the  description  of  '*  Urorosein  "  of  Nencki  and  Sieberf 
to  resemble  that  pigment,  which  showed  in  amylic  alcohol  a  band 
between  D  and  E  with  its  maximum  of  shading  at  \557.  It  is  at  all 
events  closely  related  to  urrhodin.  Unfortunately  I  had  not  material 
enough  for  further  study. 

In  the  urine  of  progressive  pernicious  anaemia  a  peculiar  colouring- 
matter  was  noticed,  which  after  boiling  the  urine  with  hydrochloric 
acid  and  shaking  with  chloroform,  imparted  to  the  latter  extract  a 
fine  red  colour,  giving  a  band  between  D  and  E,  but  I  hope  to  study 
the  pigments  of  the  urine  of  that  disease  more  fully  at  some  future 
time. 

EXPLANATION  OF  SPECTRUM  CHART. 

Sp.  1.  Alcohol  extract  of  chlorophyll  of  JPrtmula  (obtained  as  described  in  the 

paper)  treated  with  nitric  acid. 
„  3.  Alcohol  extract  of  liver  of  Ostraa  eduliSj  showing  band  of  enterochlorophyll 

in  red  at  B. 
„   3.  The  same  solution  with  nitric  acid,  which  developes  exactly  the  same  spectrum 

a«l. 
^  „   4.  Alcohol  extract  of  lirer  of  Anodonta  cygnea.    The  greater  breadth  of  band 

at  B  is  due  to  fact  that  more  chlorophyll  is  present  than  in  the  liver  extract 

of  which  2  is  the  spectrum. 
„    5.  The  same  solution  with  nitric  acid.     Tlie  slight  difference  of  position  of 

the  bands  in  this  and  spectra  1  and  3  \&  due  probably  to  a  little  more,  or 

a  httle  less,  acid  having  been  added. 
„   6.  Alcohol  extract  of  liver  of  Octopus  vulgaris.    This  appears  to  give  without 

any  treatment  a  spectrum  closely  resembling  1,  8,  and  5. 
„    7.  Ether  extract  of  the  same  liver,  showing  double  band  in  red.    In  some  cases 

this  double  band,  or  another  like  it,  is  got  by  treating  enterochlorophyll 

with  nitric  acid. 
„   8.  Alcohol  extract  of  liver  of  Buccinum  undalum.    This,  like  the  extract  of  liver 

of  Octopus y  appears  to  contain  acid  enterochlorophyll ;  of.  it  with  6, 5,  8, 1. 
„    9.  Alcohol  extract  of  liver  of  Helix  pomatiay  showing  band  of  enterochlorophyll 

and  those  of  hcemochromogen  (reduced  hsematin) . 
„    10.  Bile  of  Limaxjlavus,  treated  with  a  little  ammonium  sulphide,  showing  the 

bands  of  reduced  hsematin.    The  slight  difference  in  the  position  of  the 

latter  and  those  of  9  is  due  to  the  solvent,  alcohol  in  case  of  9  and  "  bile  ** 

in  case  of  10. 
^    11.  Bile  of  Homams  vulgariJt^  showing  presence  of  a  pigment  identical  with  one 

•  "  Zeitschrift  fur  Physiol.  Cheraie,"  Band  VI,  Heft  6, 1882. 
t  "  Journ.  Cliemie,"  xxvi,  333-336. 
VOL.  XXXV.  2   D 
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which  occurs  in  the  coloured  membrane  lining  the  shell,  and  probably 
identical  with  Moraley's  "  actiniochrome,"  also  traces  of  enterochlorophyll, 
&o.     (From  three  different  depths.) 
Sp.  12.  Bile  of  Foffurus  hernhardua. 

f,  13.  Bile  of  Astacus  fluviatilis,  showing  presence  of  reduced  hsematin  (sulphide 
of  ammonium  having  been  added).  This  spectrum  is  a  combination  of  the 
results  of  examining  a  deep  and  shallow  layer  of  "  bile.'* 

„  14.  Alcohol  extract  of  coeca  of  Uraater,  showing  presence  of  enterochloro- 
phyll. 

„   16.  The  same  with  nitric  acid.    Cf.  5,  3, 1,  &c. 

„  16.  Spectrum  of  urine  containing  uroh»matin  (without  any  treatment  what- 
ever).   This  is  due  to  the  presence  of  neutral  urohsmatin. 

„  17.  Spectrum  of  urine  containing  uroh»matin  treated  with  a  couple  of  drops  of 
nitric  acid ;  this  is  due  to  presence  of  acid  urohematin. 

„  18.  Appearance  of  a  chloroform  solution  of  indigo  blue  and,  perhaps,  omicholin 
got  by  boiling  urine  with  hydrochloric  acid,  cooling,  and  shaking  with 
chloroform.    The  band  at  F  is  due  to  febrile  urobilin. 

„  19.  Alcohol  extract  of  uroerythrin  from  pink  urates  (got  by  boiling  with 
alcohol,  &e.). 

„  20.  Urine  containing  a  peculiar  red  colouring-matter  mentioned  in  the  paper. 
This  spectrum  was  got  by  treating  it  with  nitric  acid. 

„  21.  The  same  urine  with  hydrochloric  acid.  This  spectrum  is  a  combination  of 
three,  as  the  feeble  band  near  D  is  not  seen  in  a  depth  which  shows  the 
other  two. 
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"  Experimental  Detenninations  of  Magnetic  Susceptibility  and 
of  Maximum  Magnetisation  in  Absolute  Measure."  By 
R.  Shida,  Thomson  Experimental  Scholar,  University, 
Glasgow.  Communicated  by  Sir  W.  Thomson,  F.R.S. 
Received  October  10, 1882.    Read  November  23,  1882. 

[Platbb  9—16.] 

The  fact  that  there  exists  a  limit  to  the  magnetisation  of  a  soft  iron 
bar  was  first  demoQ8tL*ated  by  Joule,  who,  in  1840,*  made  a  number 
ol  experiments  on  the  sustaining  power  of  an  electro-magnet,  and 
showed  that  when  the  current  in  the  exciting  coil  is  made  stronger 
and  stronger,  that  power  tends  to  a  certain  definite  value,  or  in  other 
words,  the  magnetisation  of  the  iron  core  attains  a  maximum. 

In  1861,  aifi  interesting  research  on  the  magnetic  properties  of  iron 
was  made  by  Thal6n,  who  determined,  among  other  things,  the 
magnetic  susceptibilityf  of  difierent  specimens  of  soft  iron  in  absolute 
measure  for  the  first  time.  The  units  of  length,  mass,  and  time 
employed  by  Thal6n  were  respectively  a  millimetre,  a  milligranmie, 
and  a  second. 

Joule  and  Thal^n  were  followed  by  several,  most  of  whom,  however, 
made  experiments  without  giving  the  results  in  absolute  units ;  but 
amongst  the  few  who  have  not  overlooked  the  importance  of  such  a 
system  of  units,  Rowland  made  by  far  the  most  important  investiga- 
tions upon  the  subject.  He  determined  not  only  the  magnetic 
permeability  or  susceptibility  of  certain  so-called  magnetic  bodies, 
but  also  the  maximum  magnetisation  of  those  bodies  in  absolute  units, 
using  the  metre,  the  gramme,  and  the  second  as  the  units  of  length, 
mass,  and  time. 

The  method  of  Thal^n  and  that  of  Rowland  are  essentially  the  same, 
inasmuch  as  they  depend  upon  the  same  electrodynamic  principle, 
that  an  electric  current  induced  in  a  closed  circuit  due  to  sudden 
creation  or  disappearance  of  magnetic  lines  of  force,  is  proportional 
to  the  number  of  lines  of  force  thus  introduced  or  withdrawn,  cutting 
the  circuit.  But  one  notable  difference  of  the  two  methods  lies  in  the 
fact  that  the  one  used  ellipsoids  or  cylindrical  rods  of  great  length, 
while  the  other  chiefly  used  rings  or  endless  rods  to  experiment  upon. 
The  chief  advantage  of  an  electromagnetic  method  such  as  the  above, 
is,  as  has  been  remarked  by  Sir  William  Thomson  in  his  paper  on  the 
*'  Electrodynamic  Qualities  of  Metals,  Part  Yl,"!  the  ease  and  rapidity 

*  Jotde*s  Collected  Papers,  page  34,  from  "  Sturgeon's  AnnalB,"  toL  t,  page  187. 
t  Sir  William  Thomson,  "  Papers  on  Eleotricitj  and  Magnetism,"  p.  472. 
t  "PhiL  Trans.,"  1S76,  p.  693. 
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with  whicH  ihe  results  osb  be  obtained;  while  its  disadvantage  is 
revealed  in  the  fact  that  it  does  not  show  either  slow  changes  of  mag- 
netisation or  the  distribution  of  magnetism. 

The  following  results  of  the  experiments  which  have  been  made  at 
the  Physical  Laboratory  of  the  University  of  Glasgow,  are  given  in  abso- 
lute measure  in  which  a  centimetre,  a  gramme,  and  a  second  are  taken 
as  the  units  of  length,  mass,  and  time  respectively,  and  were  arrived' 
at  by  means  of  the  direct  magnetometric  method  g^ven  to  me  by  Sir 
William  Thomson  (who  described  and  explained  the  method  at  the 
recent  meeting  of  the  British  Association  at  Southampton  in  the 
Section  A),  as  founded  upon  a  method  originated  by  Cotdomb  and 
discussed  mathematically  by  Green.  This  method  possesses  some 
important  advantages  over  the  electromagnetio  method ;  for  instance, 
it  shows  at  any  moment  any  change  of  magnetisation  of  the  body 
experimented  on  (which  is  of  great  practical  utility  in  investigations 
of  this  kind)  ;  it  affords  an  excellent  means  of  illustrating  the  distri- 
bution of  magnetism  in  the  body,  and  it  enables  us  to  experiment 
upon  a  long  thin  bar,  subjecting  it  to  different  strengths  of  magnetising 
forces,  and  to  various  amounts  of  longitudinal  stress,  and  at  the  same 
time  to  determine  in  absolute  measure,  the  magnetisation  and  magnetic 
Susceptibility  of  the  bar  under  these  varied  circumstances,  which  is  an 
original  feature  of  the  investigations  I  am  going  to  describe.  These 
advantages,  however,  do  not  exist  without  disadvantages.  That  the 
execution  of  careful  investigations  involves  a  considerable  amount  of 
time,  is  a  serious  disadvantage  of  this  method.  After  some  preliminary 
studies,  the  orderly  experiments  were  commenced  about  the  middle  of 
February  last,  and  have  since  been  carried  on  from  day  to  day  without 
intermission  up  to  the  end  of  May. 

A  number  of  thin  wires  and  of  thick  bars  of  iron  and  steel  were 
experimented  upon.     The  accompanying  sketch  (Plate  9)  shows  tiie 
arrangement  of  the  apparatus  employed  in  experimenting  on  thin  wires. 
A  reflecting  magnetometer,  M,  which  consists  of  a  mirror  carrying  at 
its  back  three  small  magnets  and  suspended  by  a  single  silk  fibre 
about  5  centims.    long,  was  placed  on  a  convenient  stand  nearly 
2  metres  above  the  floor  of  the  laboratory.     S  is  a  white  paper  screen  ' 
divided  into  half  millimetres,  and  bent  into  a  circular  arc  of  a  metre 
radius.     It  is  fixed  at  a  distance  of    exactly  1  metre  from    the 
magnetometer,  and  was    used  to  observe    the    deflections    of  the 
magnetometer  needle,  which  were  read  by  the  image  of  a  fine  wire 
fixed  vertically  in  front  of  a  paraffin  lamp,  L,  secured  just  behind  the 
scale  as  in  a  Thomson  reflecting  galvanometer.     N  is  a  magnet  of 
semicircular  shape  meant  to  control  the  strength  of  the  field  at  the 
point  where  the  magnetometer  needle  is  suspended.     It  was  mounted 
cm  a  suitable  stem  in  front  of  the  magnetometer  needle,  with  its 
length  in  the  plane  of  the  magnetic  meridian,  and  at  a  certain  distance 
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from  ihe  needle  in  snoli  a  way  that  the  plane  of  the  needle  is 
unaltered  by  the  magnet  being  removed  or  replaced  when  desired. 

The  wire  to  be  experimented  upon  is  represented  bj  AA'.  It  is 
hnng  yerticallj  at  a  distance  of  10  centims.  from,  and  dne  magn^ic 
east  of  the  magnetometer  needle,  by  means  of  an  arrangement  of 
pulleys,  P,  P',  P",  and  weights,  W,  W',  each  weighing  about  half  a 
kilogramme  and  attached  to  one  end  of  the  cords,  T,  "F,  respectiTely  as 
shown.  In  order  that  the  wire  may  easily  be  detached  from  the 
cords,  the  other  end  of  each  cord,  instead  of  being  fastened  directly  to 
the  end  of  the  wire,  is  merely  hooked,  by  a  small  brass  hook  which  it 
carries,  on  to  a  loop  of  cord  fastened  to  the  end  of  the  wire.  The 
mode  of  fastening  the  loop  of  cord  to  the  wire  was  as  follows: — ^A 
cord  20  to  30  centims.  long  was  made  into  a  loop  in  such  a  way  as  to 
bring  its  ends  together,  and  this  latter  part  of  the  loop,  after  having 
been  untwisted,  was  put  over  the  end  of  the  wire  so  as  to  enclose 
about  5  centims.  of  it  in  the  imtwisted  portion,  over  which  portion  a 
thin  string  was  tightly  coiled  a  great  number  of  times.  This  mode 
of  fastening  the  cord  to  the  wire  allowed  a  heavy  weight  to  be  put 
on  the  wire  without  twisting  or  bending  the  latter  in  the  slightest 
degree. 

BB^  is  the  magnetising  coil  hung  in  such  a  manner  from  the  string 
T  that  both  its  centre  and  axis  coincide  with  those  of  the  ¥rire  AA\ 
The  coil  used  in  the  first  part  of  i^e  experiments  was  composed  of 
only  one  layer  of  silk-oovered  copper  wire  wound  on  a  straight  brass 
tube  of  about  6  millims.  in  its  internal  diameter ;  the  length  of  the 
coil  was  108  centims.,  its  radius  was  '34  of  a  centimetre,  and  the 
number  of  turns  of  wire  on  the  coil  was  1,795,  and  the  resistance  of 
the  coil  including  the  electrodes  was,  at  14°  C,  3*94  ohms.  By  means 
of  this  coil  were  obtained  the  results  given  in  the  columns  headed 
1  to  5  of  the  Table  I.  It  was  soon  found  that  the  coil  just  described 
was  quite  unsuitable  for  producing  high  magnetising  forces,  and  that 
a  modification  was  necessary.  The  coil,  when  modified,  was  110 
centims.  long,  and  consisted  of  five  layers  of  silk-covered  copper  wire 
laid  on  one  above  another;  the  radius  of  the  innermost  layer  was 
*340  of  a  centimetre,  and  that  of  the  outermost  was  '660  of  a 
centimetre,  and,  therefore,  the  mean  radius  of  the  coil  was  *50,  and  the 
mean  distance  between  any  two  adjacent  layers  '08  of  a  centimetre ; 
the  resistance  of  the  coil,  ^e  electrodes  included,  was  30'8  ohms,  at 
14°  C.  The  ends  of  the  electrodes  of  the  coil  were  permanently  con- 
nected to  the  two  terminals  of  a  reversing  key,  K,  the  other  two 
terminals  of  which  were  in  connexion  with  the  two  electrodes  of  % 
Thomson  tray  battery  so  disposed  that  any  desired  number  of  cells, 
from  1  to  60  inclusive,  could  be  placed  in  the  circuit.  A  tangent 
galvanometer,  G,  was  inserted  in  one  of  the  oonnecting  wires  as 
shown  in  the  sketch,  so  that  whenever  a  current  is  passed  through  tha 
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Goil  it  was  read  and  measared  by  this  galvanometer.    The  weight  W^' 
was  simply  used  to  balance  the  weight  of  the  coil. 

It  will  easily  be  seen  from  the  arrangements  of  cords,  pnlleys,  <&c., 
that  the  wire,  besides  being  kept  straight,  can  be  raised  or  lowered 
through  any  desired  distance  within  a  range  of  about  4  metres; 
and  further,  that  when  the  wire  is  moved  up  or  down  the  coil  follows 
the  movements,  keeping  its  position  with  reference  to  the  former  un* 
altered.  For  the  purpose  of  observing  the  position  of  the  wire  or  the 
coil  with  great  facility  at  any  instant  with  reference  to  the  line  on  a 
level  with  the  magnetometer  needle,  there  is  provided,  alongside  the 
wire  and  coO,  a  scale  divided  into  oentimeiares,  and  fixed  to  a  wooden 
upright. 

The  orderly  and  systematic  way  in  which  the  experiments  were 
performed  may  be  described  generally  thus  : — ^A  weight,  the  amount 
of  which  was  different  for  different  specimens  of  the  wire  as  will 
be  presently  stated,  was  put  on  and  taken  off  the  wire,  whilst  the 
magnetising  force  was  in  action,  about  ten  times  in  succession  (this 
operation  of  successive  application  and  removals  of  a  weight  will  be 
hereafter  called,  for  brevity,  '*  ons  and  offs  "),  half  a  kilogramme  being 
always  on ;  then  the  wire,  having  been  first  placed  so  high  up  that  its 
effect  and  that  of  the  coil  on  the  mckgnetometer  was  scarcely  visible, 
was  lowered  2  centims.  by  2  centims.,  until  it  was  so  low  down 
that  little  or  no  effect  of  the  wire  and  coil  was  observable  on  the 
magnetometer,  while  the  deflections  of  the  magnetometer  needle  were 
noted  for  all  the  positions  of  the  wire  and  coil.  This  process  was 
followed  in  the  case  of  all  the  wires,  except  the  hard-tempered  wire, 
and  all  the  magnetising  forces  used,  unless  otherwise  stated.  It  will 
be  needless  to  enter  inix>  the  discussion  of  the  details  of  the  object  of 
subjecting  the  wire  to  the  operations  ol  **  ons  and  offs,"  as  they  will 
be,  I  hope,  shortly  communicated  to  the  Boyal  Society  or  elsewhere  ; 
suffice  it  to  point  out  here  that  on  commencing  the  preliminary 
experiments,  it  was  soon  discovered  that  in  the  first  instance  the  wire 
was  very  irregularly  magnetised,  but  that  the  effect  of  subjecting  the 
wire,  while  under  the  influence  of  the  vertical  fierce,  to  the  applica- 
tion and  removal  of  a  pull  a  certain  number  of  times  in  succession, 
was  to  remove  all  the  irregularities  as  to  magnetisation,  besides  pro- 
ducing an  enormous  augmentation  of  its  magnetism. 

The  results  are  given  in  the  Tables  I  to  lY.  The  general  explana- 
tion of  these  and  other  accompanying  tables  is,  that  the  "  Distances  '* 
mean  the  distances  of  the  centre  of  the  wire  from  the  level  of  the 
magnetometer  needle,  those  distances  measured  from  their  level  up- 
wards being  reckoned  positive,  and  those  measured  downwards  nega- 
tive ;  while  the  "  Deflections  "  mean  the  corresponding  deflections  of 
the  needle  in  the  scale-divisions — those  deflections  indicating  the 
repulsion  of  the  north-seeking  pole,  or  red  end  of  the  needle,  being 
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reckoned  poBitaye,  and  those  indicating  the  attraction  negative.  The 
headings  1,  2,  3,  &c.»  nnder  "  Deflections,"  are  not  onlj  to  show  the 
order  in  which  the  experiments  were  performed,  bnt  to  distinguish  ^e 
results  for  one  magnetising  force  from  those  for  another ;  the  exact 
value  of  the  magnetising  force  in  each  case  will  be  shown  presently. 

The  first  wire  tried  was  a  very  soft  iron  (pure)  wire,*  supplied  by 
Johnson  and  Nephew,  Manchester,  and  is  named  in  the  table  '*  Dark 
Wire,"  from  its  appearance.  It  was  of  No.  10  B.W.Q.,  its  breaking 
stress  being  about  15  kilogs.  The  pieoe  experimented  on  was  a  metre 
long ;  its  radius,  when  carefully  calculated  from  its  weight  and  specific 
gravity,  was  '0374  of  a  centimetre,  and  therefore  its  sectional  area 
was  '00439  square  centim.  The  weight  which  was  used  for  the 
operation  of  "  0ns  and  OfTs  "  was  8  kilogs.,  only  with  this  exception, 
that  at  the  b^^inning,  while  the  force  magnetising  the  wire  was  that 
due  to  the  vertical  component  of  the  earth's  magnetism  alone,  a  weight 
of  10  kilogs.  was  put  on  once  or  twice.  The  wire  underwent  an 
elongation  of  2'9  per  cent,  of  its  original  length,  so  that  it  was  now 
102*9  centims.,  and  its  sectional  area  *00425  square  centim.;  the 
elongation  was  permanent  and  constant,  that  is,  the  subsequent  appli- 
cation of  8  kilogs.  produced  no  more  effect  as  to  elongation.  The 
results  for  this  wire  are  shown  in  the  Table  I.  In  this  table,  the 
results  under  i^e  heading  numbered  1,  which  are  those  for  the 
Glasgow  vertical  force,  it  must  be  mentioned,  were  obtained  after  the 
wire  had  been  treated  in  the  following  manner: — The  operation  of 
"0ns  and  Offs,"  of  a  weight  of  8  kilogs.,  having  been  performed 
while  the  wire  was  hanging  one  way,  say,  with  the  end  A  up,  its 
magnetisation  was  observed  in  the  manner  explained  before;  the 
wire  waa  then  inverted,  and  the  operation  of  '*  Ons  and  OSa "  was 
again  performed  while  it  was  hanging  with  the  end  A'  up,  that  ia 
while  the  vertical  force  was  acting  in  the  opposite  direction  with 
respect  to  the  wire,  and  its  magnetisation  was  again  observed;  this 
process  was  repeated  until  the  magnetisation  of  the  wire  in  the  two 
oases  was  equal,  or  nearly  so,  in  intensity,  but  opposite  in  polarity. 
The  first  and  second  columns  nnder  any  of  the  headings  nnmbered 
1  to  8  give  the  result  obtained  in  the  two  cases  respectively:  (1) 
while  a  weight  of  8  kilogs.  was  actually  hanging  on  the  wire  (a  case 
to  be  hereafter  denoted  by  "  On  "),  and  (2)  while  the  weight  was  off  (a 
case  to  be  hereafter  denoted  by  '*  Off") ;  and  the  third  column,  if  any, 
contains  the  result  obtained  for  the  effect  of  the  coil  alone  carrying  a 
current.  The  first  column  under  12  and  13  contains  the  result  ob- 
tained (in  the  case  *'  Off  ")  immediately  after  reversing  the  current 
in  the  coil,  the  operation  of  **  Ons  and  Offs  "  having  been  of  course 
performed  before  the  current  was  reversed;  while  the  second  and 

*  This  wire  is  of  the  same  kind  as  that  used  in  the  experiments  deeeribed  in  Sir 
William  Thomson's  paper,  "  On  the  BleotrodTnami^  Qnalitiea  of  Metalai  Part  YII." 
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chird  oolamnB  oohtain  the  resalts  obtained  aitor  ihe  wire  had  been 
gnbjeoted  to  "  Ons  aud  Offis/'  when  the  rerersed  onrrent  was  ciroa- 
lating  throagh  the  coil,  the  former  oorrespondii^  to  the  case  ''  On  " 
and  the  latter  to  the  case  '*  OfE."  The  first  oolomn  in  the  rest,  that 
is,  14  to  17,  is  subject  to  the  same  explanation  as  the  first  column  in 
12  and  IS ;  while  the  second  column  contains  the  result  obtaiued  in 
the  same  way  as  the  third  column  in  12  and  13. 

The  next  wire  experimented  on  was  also  a  pure  soft  iron  wire,  but 
not  so  soft  as  the  last  one ;  it  is  marked  "  Bright  Wire  "*  in  the  tables. 
Its  gauge  is  about  No.  20  B.W.G.,  and  its  breaking  stress  is  about 
20  kilogs.  The  piece  experimented  on  was  also  a  metre  long;  its 
radius  was  '0450  of  a  centimetre,  and  therefore  its  sectional  area 
'006362  square  centim.;  12  kilogs.  weight  was  employed  for  "Ons 
and  Offs.**  The  wire  elongated  6*2  per  cent,  of  its  length,  so  that 
now  its  length  was  106*2  centime.,  and  remained  so  during  all  the 
rest  of  the  experiment ;  the  area  of  its  cross-section  being  now  *00509 
square  centim.  The  Table  11  refers  to  this  wire.  As  regards  the 
first  and  second  columns  headed  1  under  Deflection,  exactly  the  same 
remark  applies  to  this  table  as  to  the  last  table.  The  first  and  seoond 
columns  under  any  of  the  headings  give  the  results  in  the  cases  of 
"  On  "  aud  "  Off"  respecdyely ;  and  the  third  and  fourth  columns  give 
the  results  (both  in  the  case  of  *^  Off  ")  obtained,  the  former  imme- 
diately after  reversing  the  current  in  the  coil,  and  the  latter  after  the 
operation  of  "  Ons  and  Offs  "  had  been  performed  while  the  reversed 
current  was  kept  flowing  through  the  coiL 

The  Table  111  contuns  the  resalts  for  the  ''  Steel  Pianoforte  Wire," 
which  was  of  the  same  gauge  as  the  "Dark  Wire^"  and  which  is 
largely  used  in  Sir  William  Thomson^s  sounding  machines.  The 
breaking  weight  of  this  wire  is  said  to  be  roughly  100  kilogs.  The 
length  of  the  piece  of  the  wire  experimented  on  was  a  metre;  its 
radius  was  '03755  of  a  centimetre,  and  therefOTe  the  area  of  its  cross;- 
section  was  '004452  square  centim.  A  weight  o£  16  kilogs.  wm 
always  used  lor  "Ons  and  0£&."  No  elongation  of  the  wire,  mm 
observed.  To  both  the  first  and  second  columns  under  all  the  head* 
ings  in  the  Table  111  precisely  the  same  remarks  apply  as  to  those  in 
the  preceding  tables ;  while  the  third  column,  should  there  be  one, 
gives  the  result  for  the  coil  alone. 

The  last  of  the  thin  wires  experimented  on  was  a  glass-^hard-tempered 
steel  wire,  the  results  of  which  are  exhibited  in  i^  Table  lY.  The  mode 
of  tempering  which  was  adopted  is  perhaps  worthy  of  a  passing  notice. 
A  convenient  length  was  cut  from  the  same  hank  as  the  preceding 

•  Further  partionlan  regarding  the  elasticrty,  &c.,  of  this  wire  are  fdund  in 
Mr.  J.  T.  Bottomley'e  intereetiiig  paper  on  ihe  "  Effeote  ci  Loi^-oontiiraad  Slarese 
ou  the  ElMtipity  of  Metalf,"  <*  Proa  iloj.  Boo.,"  vpL  xzix.(1979),  p.  221. 
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wire  (pianoforte  wire) ;  and  whOe  held  horizontally  by  means  of  pliers 
over  a  tray  containing  cold  water,  it  was  raised  to  a  bright  red  heat 
by  passing  through  it  a  strong  cnrrent  from  a  Fanre  battery,  and 
suddenly  plunged  into  the  tray.  This  plan  proved  a  complete  success, 
the  heat  being  equally  distributed  throughout  the  whole  mass  of  the 
wire ;  the  tempering  was,  of  course,  as  uniform  as  it  could  be  all  over 
the  length  of  the  wire,  perhaps,  with  the  exception  of  the  ends  where 
it  was  held.  When  short  pieces  were  cut  off  from  the  extremities, 
the  wire  was  78*452  centims.  long ;  the  area  of  its  cross-section  was  now 
*  004326  square  centim.,  the  wire  having  lost  nearly  2  per  cent,  of  its 
weight  by  the  process  of  tempering.  This  wire  was,  of  course,  so  exceed- 
ingly  brittle  that  the  operation  of  '*  0ns  and  Offs  "  of  a  heavy  wmght 
was  an  impossibility,  and  consequently  no  weight  was  put  on  the  wire  at 
all,  except  those  used  to  keep  it  vertically  straight.  With  reference  to 
the  explanation  of  the  Table  lY,  the  first  oolumn  in  1,  2,  3,  Ac,  refers 
to  the  result  arrived  at  when  the  magnetising  force  was  kept  acting 
on  the  wire ;  and  the  second  column,  if  there  be  one,  refers  to  the 
result  arrived  at  directly  after  the  withdrawal  of  all  magnetising  force, 
except  that  dne  to  the  vertical  component  of  the  earth  magnetism. 

Somewhat  thick  bars  of  cast  iron,  hard-tempered  steel,  and  soft 
iron,  were  then  procured  and  experimented  upon,  with  a  view  to 
determine  approximately  the  law  of  magnetisation  of  those  bars,  and 
to  compare  the  results  with  each  other  and  with  those  for  the  wires. 
The  bars  were  nearly  equal  in  their  dimensions;  they  were  all  61 
centims.  in  length  and  very  nearly  square  in  section;  the  sectional 
area  of  the  cast-iron  bar,  when  calculated  from  its  weight  and  specific 
gravity,  was  approximately  *950  square  centim.,  that  of  the  steel 
bar  '948  square  centim.,  and  that  of  the  soft  iron  bar  *901  square 
centim. 

With  regard  to  the  mode  of  experimenting  in  the  case  of  these 
bars,  though  it  remained  the  same  in  principle  as  before,  it  necessarily 
differed  in  details,  which  1  proceed  to  describe  thus : — In  the  first 
place,  the  coil  employed  for  magnetising  the  bars  was  68  centims. 
long,  and  consisted  of  three  layers  of  insulated  copper  wire  woand  on 
a  tube  of  copper  nearly  square,  each  layer  containing  620  turns ;  the 
whole  area  inclosed  by  all  the  turns  of  wire  per  unit  length  was 
89  sq.  centims.  approximately,  though  not  very  accurately  on  account 
of  the  difficulty  of  measuring  exactiy  the  dimensions  of  the  coil,  as  it 
was  not  specially  made  for  the  purpose ;  and  the  resistance  of  the  coil 
was  about  3*78  ohms  when  cool.  The  bar  to  be  experimented  on  was 
placed  inside  the  coil,  with  its  centre  and  axis  coincident  with  those 
of  the  latter;  and  the  whole  arrangement  thas  fitted  up  was  hung 
vertically  in  the  same  way  as  before  by  means  of  cords,  pulleys,  &e., 
with  the  common  axis  of  the  coil  and  the  bar  at  a  distance  of  22  cen- 
tims. from,  and  due  magnetic  east  of,  the  magnetometer;   the  con- 
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nexions  of  the  electrodes  of  the  coil,  the  galvanometer,  Jbc.,  being 
precisely  the  same  as  before. 

The  same  procedure  in  experimenting  as  before  was  followed  as  far 
as  possible ;  that  is  to  say,  the  bar  and  the  coil,  having  been  placed  high 
np  to  begin  with,  were  lowered  2  centims.  bj  2  centims.  nntil  thej 
were  low  down,  while  the  deflections  of  the  magnetometer  needle  were 
read  for  all  the  positions  of  the  bar  or  the  coil.  In  the  case,  however, 
where  this  procednre  was  hardly  possible,  or,  at  any  rate,  hardly 
worth  going  through,  on  account  of  the  rapid  variation  of  the  current 
in  the  coil,  arising  partly  from  the  heating  np  of  the  ooil  and  partly  from 
the  polarisation  of  the  battery  (which  consisted  either  of  the  Thomson 
tray,  Darnell's,  or  of  the  Fanre  accumulators,  the  latter  being  chiefly 
nsed  to  obtain  very  high  magnetising  forces),  the  experiment  was 
made  in  the  following  manner : — A  point  of  the  bar,  28  centims.  dis- 
tant from  its  centre,  having  been  placed  on  a  level  with  the  magneto- 
meter needle  (as  this  position  of  the  bar  was  such  as  to  give  the 
needle  a  maximum  deflection  for  a  high  magnetising  force),  a  strong 
cnrrent  was  allowed  to  pass  through  the  coil,  and  as  soon  as  the 
deflection  of  the  needle  was  readable  with  a  tolerable  accuracy  it  was 
read  off  at  a  certain  moment  by  one  observer,  while  the  strength  of 
the  current  was  measured  by  taking  the  reading  of  the  galvanometer 
at  the  same  moment  by  another  observer  on  word  of  command  from 
the  former;  the  data  thus  obtained  will,  as  we  shall  see,  afford 
the  means  of  determining  approximately  the  magnetisation  of  the 
bar. 

The  results  of  experiments  on  the  bar  of  cast  iron,  steel,  and  malle- 
able iron,  are  given  in  the  Tables  Y,  YI,  YII  respectively,  the  general 
explanation  of  which  has  been  already  given  in  dealing  with  the  other 
tables.  The  first  column  under  any  of  the  headings  1,  2,  3,  &c.,  in 
each  of  the  Tables  Y,  YI,  YII,  contains  the  results  obtained  while 
the  magnetising  forc^  was  in  action;  while  the  second  column,  if 
there  be  one,  contains  the  result  obtained  directly  after  the  with- 
drawal  of  the  force. 

Now  the  best  way  to  study  the  results  given  in  all  the  Tables  I 
to  YII,  is  to  plot  curves  in  such  a  manner  that  the  ordinates  represent 
the  "  Distances  "  of  the  centre  of  the  wire  or  bar  from  the  datum  line, 
the  level  of  the  magnetometer  needle,  and  the  absciss89  represent  the 
**  Deflections  "  of  the  needle  in  the  scale  divisions.  To  illustrate  this, 
the  results  shown  in  the  second  and  third  columns  under  7,  Table  I, 
are  exhibited  by  the  curves  1  and  2  respectively,  Plate  10,  in  which 
those  distances  measured  upward  from  the  datum  line  are  reckoned 
positive  and  those  measured  downwards  negative ;  while  those  deflec- 
tions indicating  the  repulsion  of  the  red  end  of  the  needle  are  reckoned 
positive,  and  those  indicating  the  attraction  negative,  according  to 
the  convention  already  adopted. 
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Table  IV. 
Glass-bard- tempered  Steel  Wire. 
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Table  17  (continued). 
Olass-hard-tempered  Steel  Wire. 
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-160 

-102 

-42... 

-77 

-44-5 

-96-5 

-70 

-125 

-146 

-86-5 

-153 

-89-6 

-44... 

-70 

-37 

-82-5 

-55-5 

-110 

-131 

-68 

-139 

-70 

-46... 

-65 

-31 

-68 

-42-5 

-98 

-117 

-61 

-132 

-64 

-4S... 

-61 

-28-5 

-59 

-32 

-90 

-118 

-37 

-132 

-40 

-50... 

-60 

-26-5 

-54-5 

-24 

-90-5 

-124 

-29-5 

-141 

-29 

-52... 

-63 

-26 

-53 

-17-5 

-92 

-131 

-22 

-154 

-22 

-54... 

-64 

-25 

-51 

-12  5 

-94 

-134 

-17 

-160 

-16-5 

-56... 

-60 

-25 

-48 

-10 

-89 

-129 

-13 

-153 

-12*5 

-6a.. 

-57 

-21 

-41 

-  8 

-80 

-116 

-10 

-128 

-  9-5 

-60... 

-45 

-16 

-33 

-  6-5 

-65 

-92 

-.8 

-104 

-  7-6 

-62... 

-33 

-13 

-25 

-  5 

-50 

-70 

-  6-5 

-88 

-  6-5 

-64... 

-23 

-10 

-20 

-  4-5 

-39 

-62-6 

-  5  5 

-63 

-  6*5 

-66... 

-17 

-  7 

-15 

-  3-5 

-29 

-38-5 

-  4-5 

-47 

-  4-5 

-68... 

-12 

-  5-5 

-12 

-  3 

-22 

-30 

-  4 

-36 

-  4 

-70... 

-  9-5 

-  4 

-  9-5 

-  2 

-17 

-22-5 

-   8-5 

-27 

-   3-5 

-80... 

-  8 

-  1-5 

-  8 

-  1 

-  6-5 

-  7 

-   1-6 

-  9 

-  1-6 

-90... 

-  1-6 

-  0-5 

-  1-5 

-  0-5 

-  2-5 

-  8-6 

-  0-5 

-  4-6 

-  0*6 

-100... 

-  0-5 

^ 

-  0-5 

0 

-  1 

-  1-6 

0 

-  2 

0 
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Mr.  R.  Shida. 
Table  VI.— Steel  Bar,  Hard-tempered. 


DiBtancet. 

Deflections. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

100 

90 

80 

70 

60 

108 

... 

..• 

103 

90 

6 

-  62 

-  70 

58 

123 

... 

„ 

117 

104 

8 

-  71 

-  78 

66 

141 

... 

,, 

135 

120 

10 

-  80 

-  90 

64 

160 

... 

„ 

156 

138 

12 

-  91 

-102 

62 

185 

... 

.. 

179 

160 

14 

-102 

-116 

60 

213 

... 

,, 

207 

182 

16 

-118 

-131 

48 

245 

.*■ 

^, 

237 

208 

20 

-133 

-158 

46 

280 

„ 

274 

242 

24 

-153 

-175 

44 

317 

„ 

314 

276 

28 

-173 

-197 

42 

363 

... 

.. 

358 

318 

32 

-201 

-227 

40 

408 

... 

.. 

400 

356 

37 

-219 

-?54 

3d 

456 

_, 

444 

896 

44 

-248 

-282 

86 

500 

... 

,^ 

487 

438 

50 

-266 

-310 

84 

540 

,, 

527 

474 

58 

-291 

-337 

82 

577 

... 

.. 

... 

559 

606 

66 

-313 

-360 

80 

600 

... 

579 

629 

70 

-826 

-»82 

28 

612 

780 

J50 

870 

591 

640 

76 

-336 

-394 

26 

610 

... 

577 

641 

79 

-343 

-400 

24 

698 

..• 

.. 

569 

520 

b3 

-840 

-394 

22 

564 

... 

.. 

541 

505 

81 

-334 

-385 

20 

525 

606 

478 

78 

-320 

-872 

18 

478 

458 

432 

74 

-300 

-348 

16 

425 

.. 

410 

389 

66 

-278 

-822 

14 

371 

... 

,, 

854 

337 

68 

-2.*>6 

-294 

12 

315 

... 

.. 

296 

284 

47 

-226 

-262 

10 

262 

... 

„ 

246 

237 

36 

-196 

-225 

8 

206 

... 

196 

189 

23 

-166 

-IJ^ 

6 

152 

... 

^^ 

144 

133 

+  10 

-138 

-157 

4 

98 

... 

90 

83 

-  6 

-108 

-122 

2 

48 

... 

43 

39 

-15 

-  75 

-  83 

0 

0 

„ 

0 

0 

-80 

-  42 

-  44 

-  2 

-  4 

-  6 

-  8 

-  10 

-  12 

-  14 

-  16 

-  18 

-  20 

-  22 

-  24 

-  26 

-  28 

-  80 

-  82 

-  84 

-  36 

-  88 

-  40 

-  42 

-  44 

-  46 

-  48 

-  60 

-  62 

-  64 

-  56 

-  58 

-  60 

-  70 

-  80 

-  90 

-100 
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Deflections. 

Distances. 

1. 

2.   1 

3. 

4. 

5. 

6. 

7. 

8. 

100 

90 

80 

70 

60 

42 

102 

143 

161 

182 

191 

16 

-  82 

58 

48 

116 

168 

172 

208 

217 

18 

-  37 

66 

64 

133 

186 

198 

238 

261 

21 

-  42 

M 

62 

162 

212 

226 

274 

287 

24 

-  48 

52 

71 

174 

244 

260 

316 

820 

28 

-  65 

60 

81 

201 

280 

299 

362 

370 

33 

-  62 

48 

98 

230 

323 

342 

416 

424 

38 

-  72 

46 

107 

266 

870 

896 

479 

498 

48 

-  82 

44 

123 

303 

424 

461 

646 

570 

60 

-  94 

42 

140 

347 

4ti6 

614 

622 

649 

57 

-106 

40 

168 

898 

646 

681 

700 

727 

66 

-120 

38 

177 

440 

608 

648 

781 

808 

73 

-184 

86 

197 

488 

676 

717 

868 

888 

82 

-149 

S4 

216 

636 

739 

781 

928 

969 

90 

-164 

32 

284 

678 

796 

840 

9B8 

1020 

98 

-176 

80 

249 

618 

845 

887 

1024 

1062 

103 

-189 

28 

260 

644 

870 

916 

1066 

1080 

112 

-206 

26 

266 

660 

898 

982 

1068 

1080 

112 

-204 

24 

267 

663 

897 

926 

1036 

1061 

111 

-203 

22 

263 

662 

861 

898 

987 

997 

110 

-202 

20 

264 

629 

823 

866 

923 

928 

107 

-196 

18 

240 

696 

771 

799 

841 

847 

100 

-186 

16 

220 

543 

708 

728 

761 

749 

94 

-172 

14 

199 

494 

636 

662 

667 

668 

86 

-164 

le 

176 

434 

666 

560 

660 

662 

75 

-137 

10 

160 

871 

469 

475 

460 

467 

64 

-115 

8 

121 

801 

378 

382 

864 

364 

68 

-  95 

6 

98 

231 

2»6 

288 

262 

262 

40 

-  74 

4 

63 

165 

182 

195 

169 

168 

27 

-  bl 

2 

81 

75 

92 

94 

86 

85 

13 

-  25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-  2 

-  81 

-  4 

-  62 

-  6 

-  92 

-  8 

-120 

-  10 

-140 

-  12 

-176 

-  14 

-198 

-  16 

-218 

-  18 

-288 

-  20 

-262 

-  22 

-261 

-  24 

-266 

-  26 

-266 

-  28 

-269 

-  80 

-248 

-  82 

-234 

-  84 

-216 

-  86 

-197 

-  88 

-178 

-  40 

-168 

-  42 

-140 

-  44 

-126 

-  46 

-109 

-  48 

-  94 

-  50 

-  81 

-  62 

-  71 

-  64 

-  62 

-  66 

-  64 

-  68 

-  48 

-  60 

-  42 

-  70 

-  80 

-  90 

-100 
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Let— 

{a-^-  »)=ihe  area  contained  by  the  curve  1,  the  axis  OY  or  OT',  and 
the  line  YW  or  the  Hne  Y' W. 

o'=the  area  contained  by  the  curve  2,  the  axis  OY  or  OY',  and  the 
line  YV  or  the  line  Y'V. 

Z=half  the  length  of  the  wire  or  bar. 

Z'=  half  the  length  of  the  c^il. 

r=the  distance  of  the  middle  line  of  the  wire  or  bar  from  the 
magnetometer  needle. 

m=the  snm  of  aU  the  magnetic  matter,  northern  or  southern,  on 
either  side  of  the  centre  of  the  wire  or  bar. 

m'=the  strength  of  the  solenoid  or  coiL 

S=the  strength  of  the  field  at  the  point  where  the  magnetometer 
needle  hangs. 

^=the  angle  of  deflection  of  the  needle,  in  radian  measure,  corre- 
sponding to  the  division  of  the  scale. 

I=the  intensity  of  the  magnetisation  of  the  wire  at  any  cross- 
section,  or  intensity  of  magnetisation  of  the  bar  at  its  centre. 

F=the  magnetising  force. 

;t=the  magnetising  susceptibility. 

rt=the  area  of  the  cross-section  of  tlie  wire  or  bar. 

Then  it  can  easily  be  proved,  provided  that  the  angles  of  deflections 
are  so  small  as  to  be  proportional  to  their  tangents,  as  in  the  case  we 
are  considering,  that  2wr .  S .  <9 .  a  is  the  integral  sum  of  all  the  normal 
components  of  forces  over  the  whole  snrftice  of  a  cylinder  whose 
height  is  the  length  of  the  wire  or  bar,  and  whose  radius  is  r,  due  to 
the  magnetic  matter  m,  situated  at  the  centre  of  the  cylinder,  pro- 
vided the  length  of  the  wire  or  bar  be  infinitely  great ;  the  'Correction 

for  this  length  being  21  instead  of  infinite,  is  such  that  3ml      T'"'      <ir 

must  be  added  to  the  above  quantity  to  get  the  integral  in  question, 
neglecting,  however,  the  «um  of  all  the  normal  components  due  to 
— m,  situated  in  the  axis  of  the  cylinder  at  a  distance  21  from  its 
centre,  over  that  end  of  the  cylinder  which  is  farthest  from  —  m.  But 
the  integral  of  the  normal  force  N  over  any  closed  surface  due  to 
magnetic  matter  m  inside  is, 

/Ni«=4Tm; 

hence  27rr.  S.^.«  +  3nM   -J!!!j__-ir==4wm; 

Jo  (PH-r»)* 

and  hence  2rr.  S.d.  «=4ir7?i<  f—- — jrT— i  (^ 

Letnow         ^ .S.^=R,  and  (|_^^-i)=P, 
then  R«=Pm (1). 
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Similsriy, 

and  henoe  R<»'=Q»»',  eaj (2), 

tiierefore  R(»+»')=Pm+Qi»'. 

«=5  (•+•')-§»' (3). 

Also.  I=:j (4), 

Bud  hence,  in  the  case  of  ihin  wires, 

'-o'* («• 

The  equation  (2)  gives  us  a  means  of  asoertaining  the  value  of  m\ 
if  we  know  that  of  a,  as  in  the  case  of  7  or  8, Tahle  I.  In  the  case 
where  a  was  not  directly  obtained  by  obseryation,  mf  was  calculated 
from  the  following  formula, 

w'=cxA (6), 

where  A  is  the  area  contained  by  all  the  tnms  of  coil  per  nnit  length, 
and  0  is  the  cnrr^it  strength  in  the  coil.  In  the  case  of  a  cylindrical 
coil, 

in  which  n  is  the  nnmber  of  tnms  of  wire  per  nnit  length  of  the  coil, 
k  the  mean  radius  of  the  coil,  p  the  number  of  layers,  and  h  the  mean 
distance  between  any  two  adjacent  layers. 

As  to  the  evaluation  of  the  magnetising  force  F.  Let  h  be  the  mean 
radius  of  the  cylindrical  coil,  or  what  is  equivalent  to  it  if  the  coil 
be  not  cylindrical ;  then  the  magnetising  force  at  a  point  in  the  axis 
of  the  coil  at  a  distance  d  from  the  centre,  Z',  c,  and  n  retaining  the 
same  signification  as  before,  is. 

At  the  centre  of  the  coil,  if  T  be  very  great  compared  with  Tc^ 

F=:4amc (8). 

Now  it  will  be  observed,  as  the  equation  (7)  will  show,  that  in  my 

^  Papers  on  "  Electricity  and  Magnetism,**  Sir  William  Thomaon,  p.  472 ;  or 
Uaxw^'s  **  Electrieity  and  Magnetism,"  iroL  ii,  p  68. 

VOL.  XXXV.  2  a  ^ 
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experiments  the  valne  of  h  was  so  yerj  small  and  the  magnetising 
force  at  any  point  of  the  wire  or  bar  was  so  very  slightly  different 
from  that  at  the  centre,  that  the  error  which  would  arise  from  using 
the  equation  (8)  will  be  very  insignificant,  and  consequently  this 
approximate  equation  was  always  used  to  eyaluate  F. 

The  current  strength  c  was  always  measured  on  a  Thomson  tangent 
galvanometer,  G,  except  when  it  was  so  weak  that  a  small  error  in 
the  galvanometer  reading  will  produce  a  considerable  error  in  Uie 
result,  in  which  case  the  current  was  estimated  from  the  electromotiye 
force  of  the  battery  and  the  resistance  of  this  circuit. 

The  strength,  S,  of  the  field  was  calculated  in  terms  of  H,  the 
horizontal  component  of  the  terrestrial  magnetism,  simply  by  comparing 
the  deflections  of  the  magnetometer  needle  acted  upon  by  a  magnet 
(placed  behind  and  at  a  convenient  distance  from  the  needle,  and 
with  its  length  in  the  line  at  right  angles  to  the  plane  of  the  magnetic 
meridian)  in  the  two  cases:  (1)  When  the  field  was  due  to  the 
horizontal  component  H  alone ;  and  (2) ,  when  it  was  due  to  both  the 
controlling  magnet  N  and  the  horizontal  force  H.  Since  evidently  the 
value  of  H  seriously  affects  the  results,  it  was  thought  desirable  to 
make  a  fresh  experiment  to  determine  H  at  the  very  spot  where  iiie 
magnetometer  needle  is  suspended.  This  was  effected  indirectly  by 
counting  the  periods  of  a  magnetic  needle  at  the  point  in  question, 
and  at  another  point  where  the  exact  value  of  H  was  known  from  a 
direct  experimental  determination  made  after  the  manner  described  in 
my  paper  on  **  The  Number  of  Electrostatic  Units  in  the  Electro- 
magnetic Unit"  ("Phil.  Mag.**  for  December,  1880),  or  more  fully 
explained  in  Mr.  Thomas  Gray's  paper  on  "  The  Experiments 
Determination  of  Magnetic  Moments  in  Absolute  Measure  "  ("  Phil. 
Mag."  for  November,  1878) ;  the  value  of  H  at  the  point  where 
the  magnetometer  hangs  was  found  to  be  '1590.  The  value  oi  V, 
the  earth's  vertical  force,  is  of  by  far  the  less  moment,  considering 
that  the  only  results  the  accuracy  of  which  depends  greatly  upon  ihaX 
of  the  value  of  Y,  are  those  for  fi  for  that  particular  magnetisiug  force 
only;  so  that  it  was  deemed  unnecessary  to  find  V  by  a  new 
experiment,  and  consequently  it  was  deduced  from  the  value  of  H  and 
that  of  the  dip,  73°  45'  being  taken  for  the  latter  according  to  the 
determination  made  some  three  years  ago. 

The  final  results  tabulated  at  the  end  of  the  paper,  namely,  in  the 
Tables  A,  B,  C,  D,  <fec.,  were  derived  from  the  mathematical  con- 
siderations above  discussed,  and  from  the  results  given  in  the 
coiTesponding  Tables  of  Deflection  I,  11,  III,  IV,  Ac.,  with  the 
exception  of  the  results  given  in  7,  8,  9,  and  10  of  the  Table  E,  and  2, 
8,  and  4  of  the  Table  F.  The  intensity,  I,  in  these  exceptional  cases 
was  obtained  by  assuming  that  the  deflections  of  the  magnetometer 
needle  due  to  the  magnetism  of  the  bar  alone  (that  is  to  say,  the 
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deflections  dne  to  the  coil  being  taken  into  consideration),  corre- 
sponding to  the  distance  28  centims.  (a  distance  approximately 
corresponding  to  a  Tnaximmn  deflection  for  high  magnetising  forces) 
are  proportional  to  the  intensity  I.  The  deflections  dne  to  the  coil 
alone  were  calculated  from  the  strength  of  the  current  in  the  coil  after 
a  manner  to  be  discussed  later  on. 

Just  a  few  words  are  perhaps  necessary  to  explain  the  details  of  the 
Tables  A,  B,  C,  &c.  In  the  first  place  the  results  given  in  the  first, 
second,  third,  <fec.,  horizontal  lines  along  with  the  numbers  1, 2,  3,  <fec.,  in 
the  Tables  A,  B,  G,  <fec.,  correspond  to  the  first,  second,  third,  &c.,  vertical 
columns  under  the  headings  1, 2,  3,  Ac,  in  the  corresponding  Tables  of 
Deflection  I,  II,  UI,  &o,  Ko  sign  or  a  negative  one  is  prefixed  to  the 
numbers,  according  as  the  polarities  of  the  wire  or  bar  or  coil  were 
similar  or  dissimilar  to  those  induced  in  the  wire  by  the  earth's 
vertical  force  alone,  if  the  numbers  refer  to  the  quantities  indicating 
the  magnetisation ;  or  according  as  the  magnetising  forces  were  in  a 
similar  or  dissimilar  direction  to  the  vertical  force,  if  the  numbers 
refer  to  the  quantities  representing  the  magnetising  forces  either 
directly  or  indirectly.  Again,  it  will  be  observed  that  in  7  and  8  of 
the  Table  A,  and  of  the  Table  C,  there  were  obtained  two  values  for 

-^,  one  calculated  and  the  other  observed ;  the  object  of  this  was  two- 
fold :  (I)  To  insure  that  the  calculated  value  was  within  the  errors  of 
observations  in  the  measurements  of  the  current  strengths,  the 
dimensions  of  the  coil,  &o. ;  and  (2),  to  render  the  results  for  this 
maximum  magnetisation  of  the  wires  corresponding  to  these  tables 
independent  of  the  accuracy  or  inaccuracy  of  the  measurement  of  the 

current  strengths ;  the  observed  value  for  -^mf  was  used,  in  these  cases, 

to  evaluate  the  quantities  I,  /i,  &c. 

The  rest  of  what  is  given  in  the  Tables  A,  B,  0,  Ac,  will,  I  hope, 
explain  itself.  But  by  far  the  readiest  mode  of  studying  the  whole 
results,  is  to  refer  to  the  graphical  representation  shown  in  the  Plates 
11,  12,  13,  14,  15,  the  first  three  and  the  fourth  of  which  contain  the 
curves  representing  the  *^  intensity  of  magnetisation  "  and  the  '*  mag- 
netic susceptibility  "  respectively  of  the  wires,  and  the  last  contains  the 
curves  representing  the  *'  intensity  of  magnetisation  "  of  the  bars.  In 
other  words,  the  curves  in  the  Plates  11, 12,  13,  and  15  are  so  drawn 
that  the  abscisuaa  are  proportional  to  the  magnetising  force  F,  and  the 
ordinates  to  the  intensity  I ;  whereas  in  the  curves  in  the  Plate  14 
the  abscissaa  and  the  ordinates  are  proportional  to  the  force  F  and  the 
susceptibility  /i  respectively. 

As  regards,  first  of  all,  the  Plates  11, 12, 13.  The  curves  in  the  Dia- 
gram I  correspond  to  the  **  Dark  Wire,"  those  in  the  Diagram  II  to  the 
"  Bright  Wire,"  and  those  in  the  Diagram  III  to  the  "  Steel  Pianoforte 
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Wire  "  and  "  Glass-bard  Steel  Wire.'*  Referring  to  the  Diagram  I,  tbe 
curves  (a)  and  (b)  are  those  corresponding  to  the  cases  "  On "  and 
"  Off "  respectively  directly  after  operating  "  0ns  and  Offs"  while  the 
magnetising  force  was  acting ;  the  cnrve  (c)  is  one  showing  the  effect 
of  suddenly  reversing  the  current  in  the  coil ;  the  curves  (d)  and  (0) 
are  those  showing  the  efEect  of  "  0ns  and  Oflb"  while  the  reversed 
current  was  circulating  through  the  coil,  the  former  correeponding  to 
the  case  "  On  "  and  the  latter  to  **  Off "  ;  while  the  curve  (/)  is  one  so 
drawn  that  the  ordinate  at  every  point  of  it  is  half  the  algebraic^ 
difference  of  the  ordinates  of  the  curv^es  (6)  and  (c),  and  henoe 
ezhibite  approximately  a  curve  which  should  have  been  obtained 
had  the  wire  been  experimented  on  without  being  subjected  to 
the  actk>n  of  a  pnll.  Had  it  not  been  for  the  sake  of  convenience 
of  comparison,  therefore,  the  curves  (c),  (d),  and  (e)  should  have  1 
drawn  on  the  negative  side  of  the  origin.  Exactly  the  same  ezpla 
tion  applies  to  the  curves  in  the  Diagram  II  as  to  the  corresponding 
curves  in  the  Diagram  I. 

In  the  Diagram  III,  the  curves  (a)  and  (h)  show  the  resxdte  for 
'*  Steel  Pianoforte  Wire,"  Mid  are  subject  to  the  same  explanation  as 
the  corresponding  curves  (a)  and  (b)  in  the  Diagram  I  or  11 ;  while 
the  curves  (c)  and  (d)  refer  to  the  "  Glass-hard-tempered  Wire  "  tiie 
former  representing  the  result  obtained  when  the  magnetising  force 
was  in  action,  and  the  latter  that  obtained  immediately  after  it  was 
withdrawn. 

Glancing  at  the  curves  in  the  Diagram  I,  we  see  something  very 
striking.  In  the  first  place,  we  cannot  help  being  struck  with  tiie 
remarkable  efEect  of  "  0ns  and  OSa "  on  the  magnetisation  of  the 
dark  wire,  when  we  compare  the  curve  (a)  or  (ft)  with  the  curve  (/). 
Bat  a  still  more  remarkable  result  is  revealed  in  the  fact  that  there  is 
a  surprising  difference,  as  the  curves  (a)  and  (b)  show,  between  the 
intensity  of  magnetisation  of  this  wire  in  the  case  of  **  On,"  and  that 
in  the  case  of  *'  Off  "  for  low  magnetising  forces ;  and  that  the  differ- 
ence gets  less  aod  less  remarkable  as  the  magnetising  force  is  more 
and  more  increased,  becoming  nothing  at  15  units  of  the  force,  then 
changing  into  a  negative  quantity  for  still  higher  magnetising  forces, 
and  ultimately  atteining  a  constant  negative  value.  In  other  wvrds, 
the  intensity  of  magnetisation  of  the  wire  is  greater  or  less  while  it  is 
actually  under  the  action  of  a  constant  pull  than  while  it  is  free  from 
it,  according  as  the  magnetising  force  to  which  the  wire  is  subjected 
is  below  or  above  a  certein  valae — a  value  which  might,  therefore,  be 
called  m^ico/.*     The  fact  that  the  two  pairs  of  carves  (d)  and  (9) 

*  This  confinns  the  result  giren  on  -pftge  62  of  Sir  William  Thomson's  paper  on 
the  "  Klectrodynamic  Qualities  of  Metals,  Part  VII"  ("PhiL  Trans.,"  1679),  in 
wbich  he  calls  this  rahie  ''Yillari  Critical  Yalue,"  as  hating  bean  pr&rioudy 
obtained  by  Yillari. 
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and  (a)  and  (b)  are  sjmmetarioally  placed  with  respeot  to  the  hori- 
zontal axis,  each  to  each,  shows  that  the  ultimate  effect  of  '^  0ns  and 
0&/'  is^  to  magnetise  the  wire  to  ihe  same  degree  of  intensity,  under 
the  same  drcumstanoes,  whether  the  magnetising  force  be  in  one  or 
ip  the  opposite  direction.  On  the  other  hand,  the  curve  (c)  shows 
that  when  the  magnetising  force  is  so  high  b»  60  units  or  so  the  wire 
seems  to  lose  its  retentiveness,  so  much  so,  that  the  reversal  of  the 
polarities  of  the  wire  by  the  reversal  of  the  force  is  so  complete  that 
the  operation  of  "  0ns  and  Offs  "  produced  no  permanent  effect ;  but 
that  when  the  magnetising  force  is  below  that  value  the  simple  reversal 
of  the  force  is  not  so  effective  as  to  annul  the  permanent  effects  of 
*'  Ons  and  OSb"  or  even  to  reverse  ihe  polarities  of  the  wire.  It  is 
obvious  that  the  excess  of  the  intensity  of  magnetisation  represented 
by  the  curve  (6)  over  that  represented  by  the  curve  (/),  correspond- 
ing to  any  magnetising  force,  is  a  measure  o£  the  retentiveneas  of 
ibe  wire  for  that  magnetising  force. 

Bemarks  so  vexy  similar  to  those  made  on  the  curves  in  the 
Diagram  I  apply  to  the  corresponding  curves  in  the  Diagram  II  that 
it  is  quite  unnecessary  to  mention  them.  The  comparison  of  the  two 
sets  of  curves  in  the  two  diagrams,  howevesi  presents  many  points  of 
interest.  The  curves  (a)  and  (6)  in  these  diagrams  show  that  for 
some  low  magnetising  forces  the  intensity  of  magnetisation  of  tiie 
"Bright  Wire"  is  greater  than  that  of  the  "Dark  Wire;"  this  is, 
perhaps,  not  because  the  former  is  more  susceptible  of  magnetisation 
than  the  latter,  but  chiefly  because  of  the  fact  that  there  is  for  each 
wire  a  certain  amount  of  pull  (used  for  "  Ons  and  Offs  ")  which  would 
give  a  maximum  effect  on  the  magnetisationi  of  the  wire,  and  that  a 
weight  of  12  kilogs.  is  nearer  that  value  for  the  bright  wire  than  a 
weight  of  8  kilogs.  is  for  the  dark  wire.  As  regards  the  critical  point, 
we  see  that  it  is  about  15  units  in  the  case  of  the  dark  wire,  while  it 
is  about  10  units  in  the  case  of  the  bright  wire ;  but  this  point  is  no 
doubt  different,  not  only  for  different  kinds  of  wire  but  also  for 
different  amounts  of  the  pull.  But  it  is  in  the  curve  (e)  that  the 
chief  interest  lies.  The  comparison  of  the  curves  (c)  and  (e)  in  the 
two  diagrams  shows  that  the  effect  of  reversing  the  magnetising  force 
on  the  change  or  reversal  of  magnetisation  is  considerably  less  in  the 
case  of  the  bright  wire  than  in  the  case  of  the  dark  wire,  both  which 
must  doubtless  be  accounted  for  by  supposing  that  the  one  (tolerably 
soft  iron)  has  a  greater  coercive  force  than  the  other  (exceedingly 
sofb  iron),  as  might  be  expected. 

The  comparison  of  the  curves  in  the  Diagram  III  with  those  in 
the  Diagram  I  or  II  is  also  interesting.  The  most  striking  point  is 
that,  unlike  the  case  of  soft  iron  wires,  there  is  no  such  thing  as 
critical  point  in  the  case  of  steel  wire,  as  the  curves  (a)  and  (b)  in  the 
Diagram  111  point  out;  for  every  magnetising  force  the  intensity  of 
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jnagnetisation  is  greater  in  the  case  of  "  Off"  than  it  is  in  the  case  of 
"On.*'  Comparing  the  cnrvee  (a)  and  (h)  in  the  Diagrams  I,  11, 
and  III,  we  notice  a  vast  difference  for  low  magnetising  forces  between 
the  intensity  of  magnetisation  of  the  pianoforte  wire  and  that  of  the 
soft  iron  wire  ;  bnt  seeing  that  when  the  magnetising  force  is  so  high 
a^  30  nnits  or  so  (when  the  permanent  efPect  of  "0ns  and  Ofe  "  begins 
to  be  insignificant,  that  is,  wben  retentiveness  gets  inconsiderable), 
the  intensity  of  magnetisation  of  the  steel  wire  is  very  mnch  the  same 
as  that  of  the  soft  iron  wires,  I  think  it  probable  that  the  above 
difPerence  is,  in  a  great  measnre,  dne  to  the  fact  that  a  weight 
of  16  kilogs.  (less  than  one-sixth  of  the  breaking  weight  of  the 
pianoforte  wire)  nsed  for  the  operation  of  "  Ons  and  Offs  '*  is  far  too 
small  to  produce  anything  like  fall  effect  on  the  magnetisation  of  the 
steel  wire,  and  that  this  difference  can  be  greatly  diminished  by  nsing 
a  heavier  weight  (perhaps  40  or  50  kilogs.)  to  operate  "  Ons  and  Ofe.** 
The  difference  that  exists  between  the  intensity  of  magnetisation  of 
the  steel  pianoforte  wire  and  that  of  the  glass-hard-tempered  steel 
wire,  correspondiDg  to  low  magnetising  forces,  is  greatly  dne  to  a 
similar  canse ;  bnt  observing  that  there  subsists  a  considerable  differ- 
ence in  the  intensity  of  magnetisation  of  these  two  wires  even  for  so 
high  a  magnetising  force  as  50  or  60  units,  it  seems  probable  that 
the  intensity  of  magnetisation  of  the  glass-hard-tempered  steel  wire  is 
really  smaller  for  every  magnetising  force  than  that  of  the  iron- 
tempered  steel  wire,  even  when  the  effect  of  stress  is  taken  into 
account. 

As  regards  the  limit  of  the  magnetisation  of  these  wires,  on  com- 
paring the  curves  (a)  and  (b)  in  these  diagrams,  it  will  be  seen  that 
that  limit  is  attained  at  so  low  magnetising  force  as  80  units  or  so, 
both  in  the  case  of  the  soft  iron  wires  and  the  non-tempered  steel  wire, 
and  that  the  maximum  magnetisation  of  the  pianoforte  wire  is  not 
lower  than  that  of  the  soft  iron  wires  in  the  ordinary  cases — results 
certainly  unexpected.  On  the  other  hand,  the  comparison  of  the 
curves  (h)  and  («)  in  the  Diagram  III  requires  a  careful  study.  It 
shows  that  at  about  80  or  even  100  units  of  the  magnetising  force 
there  is  a  notable  difference  between  the  magnetisation  of  ihe  non- 
tempered  and  glass-hard-tempered  steel  wires;  but  whether  this 
difference  is  due  to  the  fact  that  the  maximum  magnetisation  of  the 
latter  is  not  yet  reached  at  the  above-stated  magnetising  force,  or  it 
represents  the  actual  difference  in  the  maximum  magnetisation  of  the 
two  wires,  it  is  difficult  to  decide.  In  whichever  way  this  difference 
is  accounted  for,  it  is  not  unfair  to  say  that  the  maximum  magnetisa- 
tion of  the  glass-hard-tempered  steel  wire  is  very  nearly,  if  indeed 
not  exactly,  equal  to  that  of  the  steel  pianoforte  wire  or  the  soft  iron 
wires,  and  that  the  minimum  magnetising  force  corresponding  to  the 
maximum  magnetisation  is  somewhat  higher  in  the  case  of  the  former 
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than  in  the  case  of  the  latter.     The  yalnes  obtained  of  the  maximum 
magnetisation  of  these  wires  are  as  follows : — 

1.  The  dark  wire 1=  {  J'^^J  }  corresponding  to  {  "  ^Jv 

^•■^'^»"-^- H\m^]         ■■         V'^r 

3.  The  steel  pianoforte  wire . .    1=  {  \'^^  |  „  {  ",  ^^!, 

glass-hard-tempered  1    t_  /  1,400  or  1  „  p.-  „ 

ire J    ^"11,420?   /         "  ^^• 

The  cnrve  (a)  in  the  Diagram  111  shows  that  the  maximum 
residnal  magnetism  of  the  tempered  steel  wire  is  considerably  gpreater 
than  three-fourths  of  the  total  magnetism  of  which  it  is  a  residue ; 
whereas  in  the  case  of  the  soft  iron  wires  the  maximum  residual 
magnetism  is  only  a  small  fraction  of  the  total  magnetism. 

Passing  now  on  to  the  curves  in  the  Plate  14,  no  more  words  are 
perhaps  necessary  to  explain  them,  because  the  explanations  given  of  the 
curves  in  the  Plates  11, 12^  13  will  exactly  apply  to  the  corresponding 
curves  in  the  Plate  14,  if  we  substitute  the  words  *' Magnetic  Suscep- 
tibility'' for  "Intensity  of  Magnetisation."  By  the  corresponding 
curves  is  meant  the  curves  which  are  marked  by  the  same  letters, 
such  as  (a),  (6),  &c.,  in  the  diagrams  designated  by  the  same  numbers, 
such  as  I,  II,  &c. 

With  regard  to  the  results  for  the  magnetic  susceptibility,  it  may  be 
remarked  that  the  results  of  the  preliminary  experiments  not  given  in 
the  paper,  showed  that  the  susceptibility  of  any  one  of  the  wires  is 
different  according  to  different  circumstances  under  which  it  is  placed, 
that  is  to  say,  that  there  is,  for  each  magnetising  force,  an  infinite 
number  of  values  for  the  susceptibility  corresponding  to  an  infinite 
number  of  amounts  of  pull  to  the  applications  and  removals  of  which 
the  wire  might  have  been  subjected  (though  this  appears  to  cease  to  be 
the  case  when  the  magnetising  force  exceeds  a  certain  value,  that  is, 
when  the  wire  begins  to  lose  its  retentiveness),  not  to  speak  at  all  of 
the  different  values  for  the  susceptibility  the  wire  has  at  any  given 
stage  of  its  history,  according  to  the  different  amounts  of  a  permanent 
pull  to  which  the  wire  may  be  subjected.  Hence  it  is  evident  that  we 
should  have  a  precise  knowledge  of  the  history,  past  and  present,  of 
the  body  whose  susceptibility  we  wish  to  determine ;  and  this  is  the 
very  reason  why  the  experiments  were  made  on  the  wires  under 
definite  circumstances.  The  two  sets  of  the  values  for  the  suscepti- 
bility  of  each  wire,  one  for  the  case  "  On,'*  and  the  other  for  "  Off," 
griven  in  the  corresponding  table  and  represented  by  the  curves,  are, 
therefore,  those  corresponding  to  that  particular  circumstance  under 
which  the  wire  was  experimented  on.     The  magnetic  susceptibility  of 
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the  soft  iron  wires  when  retentiyeness  is  disregarded,  can  be  ealcn- 
lated,  if  required,  from  the  magnetisation  represented  bj  the  cnzrea 
(/),  Plates  11,  12,  13. 

The  greatest  value  for  the  magnetic  sosceptibilitj  I  obtained  of  soft 
iron  wire  is  about  730,  the  corresponding  magnetising  force  being  the 
Glasgow  vertical  force,  and  it  is  probably  still  greater  for  smaller 
magnetising  forces;  while  the  magnetic  susceptibility  of  the  same 
wire  for  so  high  a  magnetising  force  as  100  units,  is  only  about  13, 
and  still  smaller,  no  doubt,  for  higher  magnetising  forces.  These 
results  are  truly  surprising,  and  will  dispel  any  doubt  as  to  the  old 
view  that  the  value  of  /i  is  constant  or  nearly  so  for  all  or  a  certain 
range  of  the  magnetising  force. 

I  will  now  proceed  to  explain  the  curves  in  the  Plate  15  which 
represent  the  results  for  the  bars.  The  *' direct  curves"  show  the 
results  obtained  by  commencing  with  a  small  magnetising  force  whi^ 
was  gradually  increased  until  it  is  so  high  as  to  magnetise  the  bars 
very  strongly,  if  not  to  saturation;  while  the  ''return  curves*' 
represent  the  results  obtained  by  coming  down  from  a  high  mag- 
netising force  to  lower  and  lower  magnetising  forces,  passing  through 
the  zero  and  going  up  gradually  to  a  high  magnetising  force  on  the 
negative  side  of  the  sero.  It  may  be  mentioned  that  the  reason  why 
for  the  steel  bar  the  direct  curve  was  not  obtained  is  because  the  bttr, 
which  was  one  of  those  originally  intended  to  be  used  for  Sir  William 
Thomson's  new  Siphon  Recorder,  was  previously  magnetised  strongly, 
and,  therefore,  the  experiment  on  it  was  commenced  by  using  a  high 
magnetising  force  to  start  with;  and  that  there  is  every  reason  to 
believe  that  the  direct  curve  for  the  steel  bar  is  something  like  that 
for  the  cast-iron  bar. 

On  comparing  the  "  direct  curves  "  in  the  Plate  15,  we  see  that  the 
magnetisation  of  the  cast-iron  bar  is  somewhat  less  for  high  mag- 
netising forces  than  that  of  the  steel  bar,  and  is  much  less  for  evezy 
magnetising  force  than  that  of  the  soft  iron  bar;  and  that  the 
Maximum  magnetisation  of  the  soft  iron  bar  is  about  1340,  that 
of  the  steel  bar  is  about  860,  and  that  of  the  cast-iron  bar  is  only 
about  770,  while  the  corresponding  least  magnedsing  force  in  the  case 
of  the  first  is  only  about  190  units,  and  in  the  case  of  the  second  and 
third,  it  is  roughly  450  and  400  units  or  more.  Of  course,  it  is  not 
quite  right  to  assume  that  the  above  results  represent  accurate 
comparisons  of  the  magnetisable  qualities  of  those  different  kinds  of 
iron  and  steel,  because  the  bars  are  not  the  same  in  dimensions,  which 
have  very  considerable  effects  on  the  intensity  of  magnetisation. 
Still  considering  that  the  difference  in  dimensions  between  the  soft 
iron  bar  and  the  other  bars  is  very  small,  while  in  both  the  mATiinni 
intensity  of  magnetisation  and  the  minimum  magnetising  force 
corresponding  to  it  they  differ  greatly  from  each  other,  it  is  certain 
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tbat  both  libe  cast-iron  bar  and  tike  steel  bar  are  greatly  inferior  to  the 
soft  iron  bar  in  respect  to  magnetisabilitj.  This  is  indeed  nnexpected, 
and  in  some  nieasnre  astonishing,  remembering  that  the  steel  pianoforte 
wire  was  not  at  all  inferior  in  this  respect  to  the  soil  iron  wires,  at 
least  for  higher  magnetising  forces.  The  difEerence  that  is  found  in 
the  mazimnm  intensity  of  magnetisation  and  the  mininmm  mag*- 
netising  force  corresponding  to  that  magnetisation  between  the  soft 
iron  bar  and  the  wires  is,  however,  no  doubt,  chieflj  due  to  the  effects 
<^  the  dimensions  of  the  bar. 

Another  point  of  interest  lies  in  the  ''  return  curves."*  They  show 
that  in  the  case  of  each  bar  the  magnetisation  of  the  bar  did  not 
reverse  until  the  magnetising  f  oroe  exceeded  a  certain  value  on  the 
n^ative  side  of  the  aero,  and  that  this  vahte  is  considerable  even  in 
the  case  of  the  soft  iron  bar,  considerably  greater  in  the  case 
of  the  east  iron,  and  still  greater — greater  by  a.  vast  amount — in  the 
case  of  the  steel  bar.  A  eomplete  curve  for  the  residual  mag^ 
netism  was  only  obtained,  or  at  least  only  shown,  for  the  cast 
iron ;  but  the  fact  that  those  points  in  the  return  curves  corresponding 
to  the  zero  magnetising  force  represent  the  maxTTnum  residual 
xnagnetism  of  the  corresponding  bars,  will  give  us  a  rough  indica- 
tion of  what  might  be  ihe  residual  magnetism  curves  for  the  other 
bars. 

I  have  now  given  the  general  explanations  and  discussione  of  all 
the  results  of  the  experiments,  and  as  1  fear  space  does  not  permit  me 
to  enter  into  a  fuller  discussion  of  all  the  details  of  the  results  and  of 
the  inferences  that  can  be  drawn-  from  them,  I  am  obliged  to  leave 
them  untouched.  There  is,  however,  one  yery  interesting  and 
important  conclusion  which  can  be  derived  from  the  results  and  which 
I  cannot  help  noting  specially,  as  it  illustrates  the  beauty  of  this 
jnagnetometric  method,  and  that  is,  in  regard  to  the  change  in  the 
distribution  of  magnetism  of  the  wires  or  bars  due  to  the  corresponding 
c^iange  in  the  magnetising  force  to  which  they  are  subjected.  It  haft 
already  been  said  that  one  way  to  study  the  results  given  in  the 
Tables  I,  II,  &c.,  is  to  trace  curves  in  the  manner  explained.  Now,  it 
is  easy  to  get  two  such  curves  as  (1)  and  (2)  of  the  Plate  10  for  each 
set  of  tiie  results,  one  representing  the  effect  due  to  both  the  magnetism 
of  the  wire  or  bar,  and  the  coil  carrying  a  current,  and  the  other 
representing  the  same  due  to  the  coil  alone.  If  we  draw  another 
curve  such  that  its  abscissa  at  every  point  of  it  is  the  difference  of  the 
abscisssB  at  the  same  point  of  the  two  curves,  we  obtain  a  curve 
representing  the  effect  due  to  the  magnetism  of  the  wire  or  bar  aJone. 
The  curve  representing  the  effect  of  the  coil  alone  gsji  be  easily 

*  Gompare  these  onrres  with  thoie  given  in  Sir  WHlism  ThomBon*B  paper  re- 
ferred to  before,  *<  PliiL  Trane.,"  1879,  Piatee  8  and  9. 
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obtained,  if  necessary,  from  the  value  of  m',  because  evidently  the 
curve  represented  by  the  equation, 

_m' .  r      r 1 1 1  /m 

in  which  r,  S,  0,  Z',  <fcc.,  retain  the  same  meaning  as  before,  will  be  the 
one  required,  namely,  one  in  which  the  ordinates  are  proportional  to 
the  vertical  distances  of  the  magnetometer  needle  from  the  centre  of 
the  coil,  and  the  abecissss  to  the  deflections  of  the  needle  due  to  the 
coil. 

A  theoretical  curve  representing  the  efFect  due  to  the  magnetiBm  of 
the  wire  or  bar  solenoidally  distributed,  that  is  to  say,  with  a  certain 
quantity  of  free  magnetic  matter  of  northern  polarity  at  one  extremity 
and  the  same  quantity  of  free  magnetic  matter  of  southern  polarity  at 
the  other  extremity  of  the  wire  or  bar,  can  be  obtained  in  a  similar 
way ;  in  fact,  the  equation  (9)  will  represent  such  a  curve,  if  we  sub- 
stitute the  quantity  of  the  free  magnetic  matter  at  either  end  of  the 
wire  or  bar  for  m'  and  half  the  length  of  the  wire  or  bar  for  l\ 

Now  the  curves  <1),  (2),  (3%  and  (4),  in  the  Plate  16,  were  obtained  in 
the  way  just  explained  from  the  results  given  in  1,  2,  4,  and  7,  and  the 
Tables  I  and  II  (that  is,  the  results  for  the  "  Dark  Wire  ") ;  they  repre- 
sent  the  curves  showing  the  effects  due  to  the  magnetism  of  the  wire 
alone,  and  correspond  respectively  to  '545  (in  vertical  force),  235, 
14'08,  and  807  units  of  the  magnetising  force,  while  (5)  is  a  theoretical 
curve  representing  the  efEect  which  should  have  been  obtained  had  the 
same  wire  been  magnetised  solenoidally,  so  as  to  contain  8  units  of  the 
quantity  of  free  magnetic  matter,  of  one  polarity  at  one  end  of  it,  and 
the  same  quantity  of  matter  of  opposite  polarity  at  the  other  end. 
These  curves  form  the  true  comparisons  of  the  magnetisations  of  the 
wire  in  the  different  cases,  because  they  are  all  reduced  to  the  same 
standard,  that  is  to  say,  they  are  all  so  drawn  that  their  abscissae 
represent  the  deflections  of  the  magnetometer  needle  which  should 
have  been  obtained  had  the  field  S  been  one  and  the  same,  namely, 
1*873  units  in  all  cases. 

The  comparisons  of  the  curves  (1),  (2),  (3^  and  (4)  show  that  the 
greater  the  magnetising  force  the  greater  is  the  distance  from  the 
centre  or  origin  of  the  points  of  the  ordinates  corresponding  to  the 
maximum  deflections  of  the  magnetometer  needle,  while  the  com- 
parison of  the  curves  (4)  and  (5)  shows  that  these  points  in  the  case 
of  the  curve  (4)  are  almost,  if  not  exactly,  coinciding  with  those  in  the 
case  of  (5) ;  showing  quite  distinctly  that  the  magnetisation  of  the  wire 
for  a  low  magnetising  force  is  far  from  being  solenoidal,  but  stronger 
at  the  central  parts  of  the  wire  than  in  the  other  parts;  but  that  as 
this  force  is  made  stronger  and  stronger,  the  magnetism  of  the  wire 
becomes  more  and  more  equally  distributed  to  the  ends  untU  the  dia- 
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tribntion  becomes  nearlj,  if  not  altogether,  solenoidal,  when  the  force 
is  made  so  high  as  to  give  the  wire  the  mazimam  magnetisation. 
More  or  less  similar  facts  can  be  arrived  at  from  the  resnlts  for  other 
wires,  and  also  those  for  the  bars. 

These  &cts  are  tmlj  interesting,  seeing  that  thej  entirely  agree 
with  theoretical  considerations.  Indeed  they  have  been  pointed  ont 
theoretically  by  Sir  William  Thomson,*  and  indicated  experimentally 
by  Rowland.t  Bat  I  believe  my  experiments  are  the  first,  the  resalts 
of  which  have  brought  ont  those  facts  so  clearly  as  not  only  to  leave 
no  room  for  donbt,  but  also  to  enable  us  to  see  the  law  by  which  the 
change  in  the  distribution  of  magnetism  in  a  cylindrical  rod  due  to 
the  change  of  magnetising  force  to  which  it  is  subjected,  is  governed ; 
and  I  hope  they  will  be  of  service  in  guiding  the  future  investigators 
of  electro-magnetism  or  otherwise. 

It  is  impossible  for  me  to  conclude  this  paper  without  expressing 
my  most  grateful  thanks  to  Sir  William  Thomson  for  the  very  kind 
guidance  and  instruction  he  has  given  me  in  the  course  of  those 
experiments. 

•  Pbpen  on  "  Electricity  and  Kagnetum/'  §  667. 
t  «'  Phil.  Ma^.,"  August,  1873,  p.  142. 
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IntensHy    of  Ma^ns^t-zouUcn.  -  Curves. 
DIAGRAM  I.  (nark  wire.  -  W-- 8  kilocjs) 
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Inttyx^ity     of  Majfrvetizatcon.   -  Curves. 
DIAGRAM  II.  (Brj^lxt.   v^re  -  "VV=  8  kiLbgs) 
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lyvUnsUy    of  Moucf  rvetixcubuorv  -  Curves . 
DIAGRAM  m.  f  NoTv-tevrtpered^  ound/  tenvpered  Ste^VHa^no  forte -wire)  W^  8  Ui2x3Cjs. 
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^*  On  the  Effect  of  Electrical  Stimulation  of  the  Frog's  Heart, 
and  its  Modification  by  Heat,  Cold,  and  the  Action  of 
Drugs."  By  T.  Lauder  Brunton,  MJ).,  F.R.S.,  and 
Theodore  Cash,  M.D.  Received  May  16,  1881.  Bead 
Jane  16, 1881.    Revised  June  13,  1883. 

In  the  following  research  we  have  examined  the  effect  of  electrical 
stimuli  applied  to  the  different  cavities  of  a  frog's  heart,  and  tbe 
modifications  of  their  effect  by  heat,  cold,  and  the  action  of  strychnia* 
The  effect  of  electrical  stimuli  upon  the  Tentricle,  and  the  alterations 
occasioned  in  it  by  the  application  of  heat,  have  already  been  studied 
by  Professor  Marey.  Tbe  time  relations  of  excitation  in  the  frog's 
heart  have  also  been  very  exactly  determined  by  Dr.  Burdon  Sander- 
son and  Mr.  Page.  But  it  seemed  desirable  to  extend  the  scope  of 
the  research,  and  instead  of  confining  ourselves  like  previous  observers 
to  the  effect  of  stimulation  applied  to  the  ventricle  alone,  to  observe 
also  the  effect  of  stimulation  of  the  ventricle,  auricle,  and  venous 
sinus,  both  on  the  ventricular  and  the  auricular  contractions.  This 
we  did  with  the  hope  that  from  such  series  of  observations  we  might 
be  able  to  arrive  at  some  conclusions  regarding  the  transmission  of 
stimuli  from  one  part  of  the  heart  to  the  other  in  the  ordinary  course 
of  the  circulation.  Professor  Marey  found  that  when  an  electrical 
stimulus  was  applied  to  the  ventricle  of  a  pulsating  frog's  heart  the 
effect  differed  according  to  the  condition  of  contraction  or  relaxation 
in  ^hich  the  ventricle  was  at  the  time  the  stimulus  vras  applied. 
During  the  first  part  of  the  contraction  of  the  ventricle,  &om  the 
oommencement  of  the  contraction  until  nearly  its  maximum,  stimu- 
lation had  no  apparent  effect  at  all,  and  this  period  Marey  terms  the 
**'  refractory  period."  Following  this  phase  is  a  second  one,  to  which 
we  have  given  in  the  following  paper  the  term  of  the  ^sensitive 
phase,"  lasting  from  the  maximum  of  systole  to  its  end.  The  refrac- 
tory period  varies  in  duration  according  to  the  intensity  of  the 
stimulus,  and  the  conditions  under  which  the  heart  is  operated  upon. 
The  feebler  the  stimulns,  the  longer  is  the  refiractory  period.  When 
the  stimulus  is  very  slight  the  refractory  period  may  persist  during 
the  whole  ventricular  systole ;  as  the  stimulus  is  increased,  the  refrac- 
tory period  becomes  shorter,  and  finaUy,  when  it  is  very  strong, 
disappears  altogether. 

Heat  applied  to  the  heart  shortens  the  refractory  period  or  abolishes 
it  altogether.  Cold  has  an  opposite  effect,  and  lengthens  the  refrac- 
tory period.  The  contractions  caused  by  artificial  stimulation  do  not 
much  alter  the  cardiac  rhythm,  for  the  accelerated  beat  is  followed 
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bj  a  longer  pause  than  nanaly  wliicli  oompensates  for  the  diminishecl 
interval  between  the  two  first  beats.  Sometimes  no  ventricular  con- 
traction  is  indnced,  and  then  instead  of  acceleration  there  is  apparent 
inhibition,  the  application  of  the  stimulus  being  followed  simply  bj 
a  longer  diastolic  pause  than  usual. 

Marey's  observations  were  confined  entirely  to  the  movements  of 
the  ventride,  but  we  have  extended  ours  to  the  movement  of  the  auricle 
as  well.  We  employed  two  levers :  one  resting  upon  the  ventricle, 
and  the  other  upon  the  auricle,  which  recorded  movements  upon  a 
revolving  cylinder  covered  with  smoked  paper. 

It  is  unnecessary  to  enter  here  into  a  fuller  description  of  the 
apparatus,  which  is  given  elsewhere.* 

By  the  method  employed  we  are  able  to  study  the  effects  of  mayimal 
and  minimal  stimulation  applied  to  the  ventricle,  auride,  and  venoua 
sinus  upon  the  movements  both  of  auricle  and  ventricle. 

By  minimal  stimulation  we  understand  the  smallest  shock  that  pro- 
duoes  any  visible  effect  that  in  any  way  modifies  the  course  of  con- 
traction or  the  rhythm  of  the  organ ;  and  by  marimal  stimulation  we 
mean  the  electrical  irritation  of  such  a  strength  that  its  intensification 
produces  no  visible  increase  in  its  effect. 

The  apparatus  for  stimulation  consisted  of  a  bichromate  battery 
with  two  sine  (3^  inches  by  2  inches)  and  three  carbon  plates,  the- 
size  of  these  being  8  inches  by  2  inches.  This  was  connected  with  a 
coil,  and  a  key  was  interposed  by  which  the  primary  circuit  could  be 
made  and  brdcen  at  pleasure.  The  moments  of  opening  and  closings 
the  circuit  were  r^^tered  upon  the  same  revolving  cylinder  as- 
that  upon  which  the  cardiac  pulsations  were  noted,  by  means  of  aa 
electro-magnet,  the  marker  of  which  was  placed  immediately  undOT^ 
the  pens  of  the  cardiac  levers.  In  all  the  tracings  the  upper  curved 
line  shows  the  ventricular  contractions,  the  lower  curved  line  the 
auricular  contractions,  and  the  broken  straight  line  the  moment  of 
excitation.  The  descent  of  the  line  indicates  the  opening,  the  ascent 
the  closing  of  the  current. 

In  the  secondary  circuit  were  placed  the  electrodes  for  stimulating 
the  various  parts  of  the  frog's  heart,  and  this  circuit  also  could  be 
broken  or  changed  at  pleasure  by  means  of  an  interposed  double  key. 

The  heart  was  stimulated  by  a  single  induction  shock.  In 
minimal  stimulation  only  the  breaking  shock  was  effective,  in 
maximal  stimulation  both  making  and  breaking  shocks.  The  appa- 
ratus, which  is  described  in  a  separate  note,  admitted  of  the  venoua 
sinus,  auricle,  or  ventricle  being  stimulated  at  will. 

When  recording  the  effects  of  stimulation  of  the  venous  sinus  we 
speak  only  of  chuiges  in  rhythm  of  auricle  and  ventricle. 

We  shall  examine  seriaiAtn  the  results  of  irritation  of  each  of  theoe* 
•  OMh.    ••Journal  of  Phymc^ogy,"  vol.  it,  No.  2. 
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The  temperatnre  of  the  room  in  which  the  experiments  were  con* 
ducted  was  ^T  to  70°  F.  The  frog  employed  was,  on  all  occasions, 
the  JBona  temporaria. 

Stimulation  of  the  Ventricle — Minimal, 

On  stimulating  the  yentride  with  a  single  induction  shock  of 
Tt^iniTnftl  potency  we  find — 

(1.)  That  hetween  the  commencement  of  the  ventricular  systole  up 
to  or  nearly  up  to  its  maximum  there  is  a  refractory  period  (fig.  1, 

Fio.  I. 


Stimulation  of  Yentriole  (muiinial). 

a  and  b,  stimnlation  in  different  phases  of  refractory  period. 
e,  stimnlation  after  refractory  period  has  passed,  showing  different 
forms  of  reduplication. 

a  and  h)  during  which  stimulation  applied  to  the  ventricle  has  no 
effect  whatever  on  that  heat  of  the  hearty  or  the  one  succeeding  it,  nor 
is  the  auricle  in  anywise  affected. 

(2.)  That  after  the  refractory  period  has  elapsed  stimulation 
causes  a  reduplication  of  the  heat  (^g.  1,  c). 

(3.)  The  latency  of  this  reduplicated  beat  becomes  distinctly 
shorter  as  the  systole  passes  into  the  diastole.  Thus  supposing  the 
value  of  a  single  cardiac  systole  to  be  1''3,  stimulation  falling  just  at 
the  maximum  of  a  beat  will  cause  a  reduplicated  beat  with  a  latency 
of  'S3.  When  the  stimulation  occurs  half  way  down  the  curve  of 
relaxation,  the  latency  is  *18^or  *2,  and  when  applied  at  the  instant 
before  the  abscissed  would  have  been  reached  the  latency  is  only  *13. 
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(4>.)  Where  acceleration  or  rednplication  occurs,  the  sahsequent 
diastolic  panse  is  prolonged,  so  that  the  time  occapied  by  the  two 
beats,  the  interval  between  them  longer  or  shorter,  and  the  subse- 
quent pause,  is  nearly  equal  to  the  time  which  would  be  occupied  by 
two  normal  beats  with  their  associated  diastolic  pauses  (fig.  1,  e). 

(5.)  The  yentricular  reduplication  is  often  associated  with  a 
reduplication  of  the  auricular  beat,  bat  in  no  case  has  the  latter  its 
commencement  before  the  former.  It  is  usually,  in  fact,  distinctly 
later  (fig.  2,  a). 

It  is  to  be  noted  that,  minimal  stimulatum  applied  to  the  veniride 
during  its  refractory  period  produces  no  effect  on  the  aurieU. 

'  Fio.  2. 


Stimulation  ^Teofande  (itmmnal).    Tracing  shows  long  panse  after  ffednplioatioii. 
The  two  opening  stimulations  occur  after  maximum  of  sjstole  has  passed. 


Time- Writer,  vmAkkg  seconds.  IpplieaUe  to  aU  tndngs  in  the  pi^er,  except  those 

in  the  Appendiees. 

We  may  divide  each  yentricular  eyde  into  &ree  partB,  the  first 
reaching  from  the  commencement  of  systole  nearly  np  to  its 
maximum,  the  second  from  nearly  the  maximum  of  the  systole  to  its 
end,  and  the  third  embracing  the  whole  diastolic  period  from  the  end 
of  one  systole  to  the  beginning  of  another  (vide  diagram  A)  except 


A. 

Diagram  A  shows  the  diyision  of  the  yentricular  oyde  into  three  parts.— 
1.  Befractory  period.    2.  SensitiTe  period.    3.  AoceleratiTe  period. 

when  the  stimulation  falls  immediately  after  the  end  of  the  refractory 
period.  In  all  these  points  our  results  agree  with  those  alraac^ 
obtained  by  Marey.* 

*  Op.  eieat,,  p.  72. 
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Stimiilation  applied  to  the  yentricle  dnriog  the  first  period  has  no 
effect  whatever  either  in  accelerating  the  occurrence  of  the  second 
beat,  or  altering  the  length  of  the  snbseqaent  pauses.  This  consti- 
tutes the  refractory  period. 

Stimulation  applied  during  the  second  period  causes  reduplication  of 
the  systole,  the  next  systole  succeeding  with  a  constantly  diminishing 
latency  up  t6  the  end  of  the  period.  When  the  stimulation  is  applied 
in  this  period,  the  two  systoles  being  more  or  less  united,  there  is  no 
distinct  pause  between  them,  but  the  diastolic  pause  succeeding  the 
second  occupies  very  nearly  the  interval  of  time  corresponding  to  two 
normal  diastolic  pauses.  In  this  second  period  the  heart  is  more 
sensitive  to  the  action  of  minimal  stimuli  than  in  the  first  period.  In 
the  third  period,  that  of  acceleration,  stimulus  applied  to  the  ventricle 
hastens  the  advent  of  the  succeeding  systole,  and  the  latent  period  is 
very  short,  being  nearly  equal  throughout  its  whole  extent  to  the 
latency  at  the  end  of  the  second  period.  The  sensibility  of  the  heart 
to  stimuli  is  scarcely  so  great  in  this  period  as  in  the  second. 

The  length  of  the  diastolic  paose  succeeding  the  accelerated  systole 
is  longer  than  normal,  the  increase  in  length  being  nearly  equal  to  the 
amount  of  acceleration. 

Stimulation  of  the  Ventricle — Maximal, 

When  stimuli  of  maximal  poten^  are  applied  to  the  ventricle 
between  the  maximum  auricular  systole  and  the  commencement  of 
ventricular  systole,  the  ven^tricolar  BpAeie  immediately  following  the 
stimulus  is  rarely  slightly  higher  iham  mormal,  and  the  diastolic  pause 
succeeding  it  is  excessively  long — so  kng,  indeed,  as  to  be  nearly,  if 
not  quite,  equal  to  the  time  which  would,  as  a  rule,  be  occupied  by 
two  diastolei,  ao  Aat  the  time  occupied  by  the  systole  and  diastole 
after  stinmhUioB  Sf^Iied  at  this  pegnod  of  the  heart's  cyde,  is  equal 
to  the  time  usiiallj  occupied  by  one  systole  and  two  diastolic  pauses. 

In  most  esses  tins  systole  was  apparently  no  higher  than  normal, 
and  consequently  we  cannot  with  plausibiliij  regtoA  It  as  a  case  of 
:8aperpoBition  of  two  systoles. 

In  some  cases  the  time  within  which  this  pause  may  be  produced  is 
strictly  limited  to  the  point  indicated;  in  others,  however,  it  may 
-extend  some  little  distance  towards  the  maximum  of  systole,  though 
it  never  reaches  this.  In  other  words,  it  may  encroach  upon  the 
refractory  period  which  we  have  mentioned  when  speaking  of 
minimal  stimuli,  although  it  never  extends  Unough  the  whole  of  it. 

This  phase  may  occasionally,  though  raanely,  be  absent.  Its  place  is 
then  taken  by  reduplication,  or  very  rarely  by  insensibility  to  stimula- 
tion, as  in  the  refractory  period. 

Reduplication  with  maximal  stimuli  occurs  during  all  times  of  the 
•cycle,  except  at  the  very  commencement  of  the  systole. 


Digitized  by 


Google 


460  Dre.  T.  L.  Brunton  and  T.  Cash. 

A  very  considerable  latency  is  to  be  observed  in  cases  where 
stimalation  falls  early  in  the  systole.  The  latency,  when  this  is  the 
position  of  the  shock,  is  usually  *5'  or  even  more,  and  occasionally 
where  stimulation  is  coincident  with  the  earliest  possible  attempt  at 
systole,  nearly  the  whole  beat  may  lapse  before  reduplication. 

The  latency  is  greatest  when  the  stimulus  is  applied  at  the  com- 
mencement of  the  ventricular  systole  (with  the  exception  of  its  very 
beginning),  and  it  gradually  decreases  towards  the  end  of  systole,  at 
which  time  it  is  at  a  minimum.  During  the  diastole  the  latency 
seems  to  remain  constantly  the  same  as  at  the  end  of  systole.  The 
later  in  the  phase  of  ventricular  activity  the  reduplicated  systole 
commences  the  more  perfect  is  it. 

In  all  the  points  already  mentioned  our  results  agree  with  those  of 
Marey. 

Stimulation  of  the  ventricle  falling  before  or  at  the  maximum  of 
ventricular  systole,  i.e.,  during  the  refractory  period  of  a  tniniinftl 
stimulation,  frequently  causes  a  reduplication  of  the  auricular  systole 
which  holds  the  same  relation  to  the  induced  ventricular  beat  that  the 
auricular  contraction  normally  holds  to  the  ventricular. 

Fig.  8. 


h. 


c, 
StinmlAtion  of  Ventricle  (maximal). 
a,  normal  tradiig ;  h,  eifiBOt  of  mazhnal  stunalatum.    In  b  inhibition  ii  leen. 
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Stimnlation  falling  after  the  maximnm  of  ventricalar  systole  may 
cause  an  indaced  auricular  contraction,  but  this  is  nearly  synchronons 
with,  or  even  subsequent  to,  the  induced  ventricular  contractioi^ 
(fig.  4,  a  and  5,  and  fig.  3,  o). 


Fig.  4. 


Stimulation  of  Yentride  (maximal). 

Sometimes  reduplicatibn  of  the  yentricular  beat  may  occur  without 
reduplication  of  the  yentricular  (fig.  3,  c). 

These  results  may  be  possibly  due,  in  part  at  least,  to  direct  stimu- 
lation  of  the  auricle  itself  by  the  strong  current  used  to  stimulate- 
the  ventricle. 

Stimulation  of  the  Awride — Minimal. 

When  minimal  stimuli  are  applied  to  the  auricle,  there  is  occa- 
sionally a  refractory  period,  extending  from  the  beginning  to  the- 
niazimum  of  auricular  systole.  When  the  stimulus  is  applied  at  the 
maximum  of  auricular  systole,  or  just  after  it,  it  sometimes  produces- 
an  omission,  or,  as  we  may  term  it,  an  apparent  inhibition  of  the 
next  auricular  and  ventricular  systoles  (fig.  5, 6).  Stimulation  falling 
after  this  point  and  occasionally  on  it,  will  cause  a  reduplication  of 
auricular  and  ventricular  contractions  to  occur  which  may  have  a- 
latency  of  as  much  as  1*25  seconds. 

Fig.  6. 


Stimulation  of  Auricle  (minimal). 
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No  seoondaiy  contraction  can  nsuallj  be  prodnced  in  the  yentricle 
till  an  indaoed  anricolar  contraction  has  oocnrred ;  and  as  the 
auricular  latency  is  considerable,  the  ventricnlar  latency  is  also  very 
long.  Thns,  should  the  stimulus  producing  contraction  fall  at  the 
commencement  of  ventricular  systole,  the  auricle  may  have  a  lat^icy 
of  one  second  and  the  ventricle  of  1*4  seconds. 

The  sensibility  of  the  auricle  to  minimal  stimulation  may  generally 
be  divided  imko  tiuee  phases : — 

Istly.  Stnudaiaon  inaj  &U  at  such  a  stage  tif  amioalar  ttotivity  that 
it  does  nol  mmn  am  iuteiitaneous  response,  bat  aUowa  tlw  auricle  to 
pass  through  its  diastole  before  it  causes  reduplication. 

2ndly.  It  falls  at  such  a  time  that  the  auricle  responds  instan- 
taneously. 

drdly.  About  or  shortly  after  the  period  of  auricular  maximum, 
stimulation  may  cause  inhibition  of  the  auricular  and  the  ventricular 
sequential  beat. 

Stimulation  at  any  period  during  the  diastole  of  the  auride  until 
ihe  abscissa  is  reached,  causes  a  reduplication.  The  latency  of  this 
reduplicated  beat  is  shorter  the  further  the  diastole  is  advanced.  It 
is  followed  by  an  induced  ventricular  beat  in  ordinary  rhythm. 

Stimulation  during  complete  auricular  diastole  and  before  systole 
commences  causes  a  contraction  with  very  short  latency,  succeeded  by 
sji  induced  ventricular  contraction.  But  it  is  to  be  noted  that  occa- 
sionally stimulation  at  this  period  causes  a  normal  auricular  contrac- 
tion with  an  appreciable  latency,  and  followed  by  a  ventricolar 
•contraction. 

Stimvlatum  of  the  Auricle — Maximal, 

Maximal  stimulation  of  the  auricle  almost  always  produces  some 
•effect  both  on  the  ventricular  and  auricular  beat :  this  eSeci  is  usually 
«ne  of  stimulation,  but  it  may  be  of  apparent  inhibition. 


b. 
Stimulation  of  Auricle  (nuiximal). 
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'M'^TiTnii.1  BtimTilation  nsaallj  indaces  a  ventricolar  beat  whenever  it 
is  applied  (fig.  6,  a),  excepting  when  it  falls  jnst  after  the  snmmit  of 
the  auricular  contraction. 

Stimulation  at  this  point  may  cause  no  auricular  contraction,  but 
on  the  contrary  may  induce  omission  of  the  subsequent  auricular 
and  Tentricular  beat  (fig.  6,  5  2). 

When  an  auricular  beat  has  been  induced  by  stimulation,  it  is 
followed  in  the  ordinary  way  by  a  beat  of  the  ventricle,  excepting 
when  the  stimulus  is  applied  to  the  auricle  just  at  the  commencement 
of  the  ventricular  systole.  In  this  case  an  auricular  beat  may  be 
induced,  which  instead  of  being  followed  by  a  corresponding  ventri- 
cular one,  is  followed,  on  the  contrary,  by  an  omission  of  the  ventri- 
cular beat  (fig.  6,  a  1). 

At  this  point  the  latent  period  may  be  looked  upon  as  indefinitely 
long,  as  stimulation  produces  no  contraction  at  all. 

The  more  closely  after  this  point  stimulation  is  applied  the  longer  is 
the  ventricular  latency. 

Stimulation  of  Venous  Sinus — Minimal. 

The  venous  sinus  appears  to  be  more  sensitive  to  stimulation  than 
either  auricle  or  ventricle,  so  that  stimuli  applied  to  it  produce  an 
efiect,  although  they  are  much  slighter  than  the  minimal  stimuli  of 
either  auricle  or  ventricle. 

Stimulation  of  the  venous  sinus  by  a  minimal  shock  is  usually 
potent  to  produce  some  effect  or  other  at  every  stage  of  ventricular 
activity  (^g.  7,  h). 


Stimulation  of  YenooB  Sinus  (minimal).    In  neither  a  nor  h  is  the  closing  shook 

effective. 

Stimulation  at  the  instant  of  commenccinent  of  ventricular  systole 
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nsnally  causes  omission  of  the  following  sequential  beat  of  both  auricle 
tmd  ventricle. 

This  period  may  occasionally  be  slightly  prolonged  into  systole. 

Stimalation  of  the  sinus  at  all  other  periods  of  ventricular  activity 
oauses  a  reduplication  of  the  systole.  This  induced  ventricular  systole 
is  preceded  by  an  induced  auricular  systole,  and  therefore  has  the 
prolonged  latency  before  referred  to. 

Stimulation  falling  at  the  commencement  of  ventricular  systole  may 
cause  auricular  reduplication  with  ventricular  omission  (fig.  7,  a). 

In  consequence  of  the  long  latency,  we  find  all  ventricular  curves 
separated  by  a  distinct  interval  from  (their)  reduplications. 

Stimulation  of  Venous  Sinus — Maximal. 

The  period  during  which  stimulation  causes  ventricular  omission  is 
well  marked,  and  in  some  cases  extends  into  the  ventricular  systole  as 
it  advances  towards  its  maximum,  though  the  effect  is  never  produced 
at  the  maximum. 

This  omission  of  ventricular  beat  is  most  usually  associated  with  a 
reduplication  of  the  auricular  beat,  the  second  auricular  contraction 
occurring  within  that  ventricular  systole  at  the  commencement  of 
which  the  shock  was  communicated  (fig.  8,  li). 

Fig.  8. 


Stimulation  of  Venous  Sinus  (maximal),    a,  normal  rhjthm  ;  h  and  e,  stimulatibDB 

all  eff ectiye. 

Reduplication  occurs  in  all  phases  except  at  the  period  when  stimu- 
lation causes  omission.  The  latent  period  of  this  reduplication  is 
usually  short,  as  in  the  case  of  a  ventricle  stimulated  directly, 
inasmuch  as  the  induced  auricular  contraction  does  not  precede  the 
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indaced  yentricalar,  except  when  stimnlatioii  falls  before  the  maximiim 
of  yentricnlar  systole,  in  which  case  there  is  nsnallj  a  regular  sequence 
of  anricolar  and  ventricalar  contraction  (fig.  8,  c). 

Usnallj  after  the  maximam  of  ventricular  systole  stimulation 
€auses  a  reduplicated  beat  with  short  latency,  inside  of  which  curve 
falls  that  of  the  induced  auricular  contraction;  however,  genuine 
sequential  reduplication  of  auricle  and  ventricle  with  long  latency 
is  not  uncommon.  Not  unfrequently,  after  repeated  stimulation  of 
the  sinus,  the  heart  assumes  a  new  rhythm,  which  may  be  twice  as 
rapid  as  it  was  originally,  and  though  omission  of  the  alternate  beat  may 
still  be  produced  by  stimulation  at  the  time  already  indicated,  the  organ 
returns  again  to  its  accelerated  pace.  In  time,  if  stimulation  be  with- 
held, the  rhythm  lapses  again  into  the  normal.  The  auricle  shares  in 
the  ventricular  excitement  (fig.  9). 

Fie.  9. 


Bhjthm  which  has  been  chftnged  by  repeated  stdmulation  of  Sinus  refcoming  to 

DormaL 


The  Effect  of  Cold  on  the  Prog's  Heabt. 

In  these  experiments  the  animal  was  placed  upon  a  wire  gauze 
grating,  and  coveared  with  a  Ismail  bell-jar.  Underneath  the  grating 
and  around  the  bell- jar  was  placed  ice,  so  as  to  surround  the  frog, 
which  was  kept  in  this  position  for  an  hour  or  longer.  When  its 
movements  had  become  slow  and  torpid  it  was  killed,  without  loss  of 
blood,  and  placed  on  the  cardiogpraph,  already  descr  ibed,  the  tempe- 
rature in  the  vicinity  being  kept  low  by  means  of  blocks  of  ice  placed 
on  the  metal  bars  supporting  the  animal.  The  apparatus  was 
employed  in  the  same,  manner  as  in  our  observations  on  the  effect  of 
electrical  stimuli  on  the  normal  heart,  and  the  same  order  was  observed 
in  recording  the  results. 

Effects  of  Electrical  SHmvlaUon  of  the  Ventricle — Minimal  Stimuli, 

The  contraction  of  the  chilled  frog's  heart,  as  is  well  known,  lasts 
for  longer  time  than  in  the  ordinary  condition.  When  minimal 
stimuli  are  applied  to  the  ventricle  (fig.  10)  it  is  found  that  there  is 
a  distinct  refractory  period,  extending  from  the  beginning  of  systole  up 


Digitized  by 


Google 


466  Dra,  T.  L.  Brunton  and  T.  Cafih. 

to  tbe  last  third  of  the  summit  of  the  onrve  in  the  acocmipanjing 
tracing,  and  persisting  past  the  mazimnm  of  sjrstole. 

Fia.  10. 


Stunalation  of  the  Yentriole  (minimal).    Opening  stimulation  onlj  effectiTe. 

It  is»  therefore,  always  longer  than  in  the  normal  heart.  After  the 
refractory  period  has  passed,  stimulation  causes  rednplicaiion  of  the 
ventricular  beat.  The  later  on  in  the  diastole  that  the  stimulus  faUs 
the  shorter  is  the  latency. 

Ventricular  fif^*ntti2a^umr---JltsBuiMi2. 

Stimulation  sometimes  canses  omission  when  applied  at  th«  Yery 
commencement  of  systole.  All  stimulation  thereafter  applied  causes 
a  reduplication  of  the  ventricular  systole,  with  a  latency  that  becomes 
shorter  the  later  the  stimulation  13  applied.  If  auricular  reduplication 
occurs  it  is  always  sequential  to  ventricular  (fig.  II,  a).     Stimulation 

Fio.  11. 


Stimulation  of  the  Ventricle  (maximal). 


at  the  maximum  of  systole  may  canse  a  blending  with  the  reduplicated 
beat  closely  resembling  one  prolonged  systole  (fig.  1 1,  J).  The  induced 
beat  is  most  perfect  when  stimulation  falls,  jnst  as  the  abscissa  is 
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reached.  Simmlation  before  the  maximnm  of  systole  has  longer  latency 
than  stimnlation  at  the  maximnm. 

Auricular  Stimulation — Minimal, 

A  refractory  period  is  obvlonsly  present,  but  it  is  not  of  so  great 
length  as  in  the  case  of  ventricular  stimnlation.  It  may  be  said  to 
extend  nsnally  throngh  the  maximnm  of  aoricnlar  systole  (fig.  12), 
and  even  np  to  near  the  maximnm  of  ventricular  systole;  occa- 
sionally it  exists  only  just  at  its  commencement. 

Fig.  12. 


Stimulation  of  Auricle  (minimal). 

As  regards  the  reduplication,  -we  find  that  as  in  the  case  of  the 
normal  heart,  a  long  latency  prevails,  because  an  induced  auriculai 
Hystole  must  occur  before  the  ventricle  contracts  again.  But  if  the 
stimulation  fall  just  at  the  time  when  the  abscissa  is  reached,  or 
rather  before  this  point,  a  ventricular  contraction  may  exceptionally 
be  produced  with  a  short  latency,  and  the  auricular  induced  contrac- 
tion succeeds  it. 

Auricular  Stimulation — Maximal. 

The  same  features  are  to  be  observed  as  in  the  last  section,  except 
that  there  is  no  refractory  period  (fig.  13). 

Stimulation  in  all  phases  of  the  ventricular  cycle  usually  causes  a 
reduplicated  auricular  and  ventricular  beat.  Should  the  stimulation 
fall  before  the  ventricular  maximum  is  attained,  the  auricular  re- 
duplication precedes  the  ventricular  in  the  ordinary  way,  but  should 
the  stimulation  fall,  after  the  ventricular  maximum,  the  auricular 
I'eduplication  is  exceptionally  synchronous  with,  or  subsequent  to, 
the  ventricular :  usually,  however,  the  induced  ventricular  beat  pre- 
cedes in  ordinary  rhythm  the  induced  ventricular. 

Stimulation  of  the  Venous  Sinus — Minimal, 

A  refractory  period  may  be  present  on  minimal  stimulation,  nearly 
np  to  the  maximum  of  ventricular  systole.  Thereafter  reduplication 
results.  A  strictly  minim .il  stimnlation  ^ay  originate  a  reduplica- 
tion at  any  period  of  the  b^at  having  a  long  latency,  that  is  to  say, 
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the  yentricnlar  redaplication  is  preceded  by  the  anricxilar  induced 
contraction  (fig.  14).  Thus  stimulation  applied  just  before  the  ven- 
tricular relaxation  is  completed,  instead  of  having  an  instantaneous 
ventricular  and  auricular  response  resulting  from  stimulation  of 
auricle  or  ventricle,  has  a  long  latency,  -wherein  the  auricle  redupli- 
cates. The  further  on  in  the  systole  the  stimulation  is  applied,  tho 
shorter  is  the  latent  period,  and  the  more  perfect  the  reduplicated 
contraction. 

Stimulation  of  the  Venous  Sinus — Maximal, 

Omission  may  be  caused  by  stimulation  applied  at  the  commence- 
ment of  systole,  or  reduplication  may  occur  in  all  phases  (fig.  15). 

Reduplication  has  the  longest  latency  at  the  commencement  of 
systole,  and  there  is  trae  auricular  precedence  up  to  or  beyond  the 
maximum  in  this  phase.  In  the  decline  of  systole,  after  the  maximum 
is  passed,  and  the  abscissa  has  been  nearly  reached,  there  is  occasion- 
ally reduplication  with  short  latency,  the  auricular  and  ventricular 
contractions  being  synchronous. 

Action  op  Heat  on  the  Heart. 

In  this  series  of  experiments  the  pithed  frog  in  which  the  brain  and 
spinal  cord  had  been  destroyed,  was  laid  upon  a  metal  plate,  the  tempe- 
rature of  which  was  gradually  raised  by  means  of  a  flame  beneath  it. 

Ventricular  Stimulation — Minimal. 

The  refractory  phase  is  generally  wanting  in  the  ventricular  systole, 
but  it  may  be  present  in  exceptional  cases,  not  unfrequently  in  tha 
fiame  tracing  in  which  stimulation  most  generally  produces  reduplica- 
tion (fig.  16). 

It  may  be  noted  that  irregularity  of  response  to  stimulation  is  one 
of  the  characteristics  of  the  heated  condition.  Stimulation  usually 
causes  reduplication.  Should  stimulation  fall  at  the  commencement  of 
ventricular  systole,  no  effect  is  produced  till  the  whole  cycle  of  the  systole 
Las  been  passed  through,  when  reduplication  by  a  very  perfect  systole 
occurs.  Latencies  diminish  in  proportion  as  the  stimulation  occurs 
later  in  the  systole  of  the  heart.  Reduplication  occurring  in  response 
to  stimulation  falling  at  the  maximum  is  often  demonstrated  by  a 
beat  originating  when  the  relaxation  after  systole  is  completed,  and 
therefore  distinct  from  the  original  beat :  this  is  due  to  the  fact  that 
the  curve  of  the  heated  heart  is  much  shorter  in  duration,  and 
therefore  the  reduplication  falls  outside  the  systole  during  which 
stimulation  occurs,  the  latency  being  actually  shorter,  however,  than 
in  the  unheated  heart. 

2i2 
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Ventricular  Stimulation — Maximal  stimuli. 

When  stimuli  of  maximal  intensity  are  applied  to  the  ventricle  of 
tlie  heated  heart,  we  notice  (fig.  17)  : — 

(1)  That  there  is  no  refractory  period  ;  (2)  Stimnli  at  the  com- 
mencement of  the  ventricular  systole  may  cause  omission  of  the 
succeeding  heat ;  (3)  Reduplication  occurs  at  all  phases,  and  has  the 
same  characteristics  as  in  minimal  stimulation ;  (4)  Latencies  follow 
the  same  rule  as  in  minimal  stimulation ;  (5)  The  reduplicated  beat 
is  most  perfect  when  stimulation  falls — 

I.  At  the  very  commencement  of  systole. 
II.  At  its  termination. 

The  value  of  any  beat  and  its  reduplication,  with  the  time  inter- 
vening and  of  the  succeeding  pause,  was  about  equal  to  two  normal 
cardiac  cycles.  Occasionally  a  double  reduplication,  or  a  series  of 
contractions,  resulted  from  a  single  stimulation. 

Auricular  Stimulation — Minimal  Stimuli. 

There  is  apparently  no  refractory  period.  All  stimuli  cause 
reduplication,  and  in  all  cases  induced  auricular  systole  precedes  an 
induced  ventricular  systole.  This  occurs  even  in  advanced  auricular 
diastole,  when  occasionally  in  the  normal  heart  a  simultaneous 
Auricular  and  ventricular  systole  results. 

Auricular  Stimulation — Maximal  Stimuli. 

There  is  no  refractory  period.  Stimulation  just  after  the  auricular 
maximum  has  been  passed  frequently  causes  an  apparent  omission  of 
the  following  beat. 

Stimulation  before  the  maximum  of  the  ventricular  systole  causes 
an  induced  ventricular  beat  preceded  by  an  auricular  contraction. 

After  the  maximum,  stimulation  usually  has  the  same  effect,  but 
occasionally  causes  an  instantaneous  reduplication  of  both  auricular 
and  ventricular  beats. 

A  reduplicated  ventriculai*  beat  is  of  the  character  already  described. 

Stimulation  of  the  Venous  Sinus — Minimal  Stimuli, 

The  venous  sinus  in  its  general  absence  of  a  refractory  phase 
shows  a  resemblance  to  the  ventricle,  but  it  may  manifest  the  same 
exception  in  exhibiting  it. 

When  this  occasional  refractory  period  is  present  it  may  exist 
during  active  systole,  and  up  to  its  maximum.  It  is  exceptionaUy 
present  in  cases  which  as  a  rule  show  no  refractory  period. 

Stimulation  falling  before  the  maximum  of  systole  (fig.  18,  a  ventri- 
cular tracing  alone  given)  causes  a  reduplication  which  is  preceded  by 
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Fig.  18. 


Stimulation  of  Venous  Sinua  (minimal), 

an  anricular  contraction,  whilst  stimnlation  falling  immediately  after 
maximum  of  systole  causes  reduplication,  which  may  be  preceded  by 
an  auricular  pulsation,  or  may  occasion  an  induced  systole,  auricle 
and  ventricle  contracting  at  the  same  time. 

The  most  perfect  reduplicated  beat  occurs  when  stimulation  falls  at 
the  end  of  systole. 

Venous  Sinus — Maximal  Stimulation, 

Occasionally  a  stimulation  of  maximum  strength  falling  at  the 
commencement  of  the  ventricular  systole  causes  an  apparent  omission 
of  the  following  pulsation  ;  but  this  result  is  not  so  frequent  as  in  the 
case  of  the  normal  heart.  Usually  a  distinct  reduplication  occurs  at 
whatever  time  in  the  cycle  stimulation  falls  (fig.  19). 

Fio.  19. 


Stimulation  of  Venous  Sinus  (maximal). 

The  reduplication  Is  at  all  times,  except  in  the  last  stage  of  systole, 
preceded  by  an  auricular  contraction. 

The  auricular  induced  contraction  appears  to  follow  stimulation 
more  rapidly  than  in  the  case  of  the  normal  heart.  Therefore  the 
induced  ventricular  contraction  (fig.  19,  ventricular  tracing  alone 
^iven)  which  follows  the  auricular  has  a  shorter  latency  than  is 
normally  the  case.  The  heating  process  having  been  carried  so  far 
that  a  rapid  cardiac  rhythm  with  imperfect  systole  has  resulted,  it  is 
ofben  found  that  there  is  an  indifference  to  stimnlation  in  the  so-called 
refractory  period,  or  even  in  all  phases  of  the  cardiac  cycle  alternating 
with  the  usual  sensibility. 

On  the  Effect  of  Strychnia  upon  the  Frog's  Heart. 

The  apparatus  used  in  this  series  of  experiments  was  identical  with 
that  employed  in  the  investigation  of  stimuli  applied  to  the  frog's 
heart.     The  frog  was  killed  by  the  brain  being  destroyed,  and  a  smaU 
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dose  of  strjclmia  was  then  introdnced  into  the  dorsal  lymph  sac.  As 
soon  as  the  e£Eect  of  the  drag  npon  the  spinal  cord  was  evidenced  by 
distinct  spasm,  the  heart  was  rapidly  exposed,  placed  on  the  car- 
diograph, and  stimulation  applied.  The  same  order  will  be  observed 
as  in  the  description  of  the  experiments  on  the  normal  heart. 

Stimulation  of  the  Venfrich — Minimal. 

On  applying  a  minimal  stimulus  to  the  strychnia  heart  (fig.  20) 
we  were  struck,  in  the  first  instance,  by  the  extreme  length  of  the 

Fio.  20. 


Stimulation  of  Ventricle  (submaximal). 

refractory  period.  Stimulation  has  usually  no  effect,  not  only  when 
applied  before  the  maximum  of  the  systole  as  in  the  normal  heart, 
but  also  in  the  maximum,  and  often  far  into  relaxation.  After  the 
phase  has  passed  the  stage  of  reduplication  ensues.  Reduplication 
is  very  complete ;  its  latency  becomes  diminished  as  diastole  advances. 
The  reduplicated  ventricular  beat  is  succeeded  by  an  auricular 
pulsation.  After  the  customary  pause,  the  heart  resumes  its  wonted 
rhythm.  It  is  rarely  that  stimulation  falling  at  the  commencement  of 
ventricular  systole  causes  inhibition.  If  the  auricle  is  unstimulated 
and  its  rhythm  is  unaltered,  there  is  short  latency  for  the  ventricular 
reduplication.  If  the  auricle  is  stimulated  and  contracts  before  the 
ventricle,  there  is  long  latency,  but  the  latter  is  rarely  seen  when  a 
refractory  phase  is  present. 

Ventricular  Stimulation — Maximal  Stimuli, 

In  this  case  no  refractory  period  exists.    An  inhibitory  period  exists 
occasionaUy  but  with  this  exception,  all  stimulation  produces  redupli* 

Fro.  21. 


Stimulation  of  Ventricle  (maximal). 
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cation  (fig.  21).  Should  stimulation  fall  at  the  commencement  of 
systole,  the  latency  is  long,  nearly  equal  to  the  length  of  the  beat ; 
and  the  reduplication  is  very  complete. 

Stimnlation  at  the  maximum  of  systole  has  a  latency  of  about 
two-fifths  of  a  second,  and  thereafter  during  the  subsidence  of  the 
ventricle,  the  period  of  latency  rapidly  diminishes.  The  most  perfect 
beat  of  reduplication  is  produced  by  stimulation  at  the  commencement 
of  systole,  or  after  relaxation  of  the  ventricle. 

Stimulation  of  the  Auricle — Minimal, 

It  is  but  rarely  that  we  see  a  re&actoiy  period  whilst  applying 
mi  nimal  stimuli  to  the  auricle.  Usually,  stimulation  at  all  times 
causes  a  reduplicated  beat,  the  auricular  reduplication  preceding  that 

Fig.  22. 


Stimulation  of  Auricle  (minimal). 

of  the  ventricle  in  the  usual  rhythm.  On  stimulation,  an  auricular 
systole  is  produced,  and  not  until  this  movement  has  reached  the 
usual  point  does  the  ventricle  commence  its  systole  (fig.  22). 

Stimulation  of  the  Auricle — Maximal, 

There  is  no  refractory  period.  Occasionally  the  stimulus  falling  at 
the  very  commencement  of  the  ventricular  systole  will  cause  inhibition 
or  coincidence  of  the  following  beat,  or  it  may  cause  a  reduplication 
with  a  latency  of  about  one  second  (fig.  23). 

Fio.  23. 


Stimulation  of  Auricle  (maximal). 

The  latencies  are  invariably  long  when  the  auricle  is  so  stimulated 
that  its  induced  beat  is  a  normal  one  and  precedes  the  induced  ventri- 
cular systole  in  its  normal  rhythm. 
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Stimtdation  of  the  Venous  Bmus — Minimal  Stimuli^ 

With  minimal  stimnlation  of  the  yenons  sinns  thore  is  no  refractory 
period  except  occasionally  for  an  instant  at  the  maximum  of  auricular 
systole.  Reduplication  occurs  at  all  phases  of  the  ventricular  systole. 
Length  of  latency  depends  upon  whether  the  stimulation  induces  an 
auricular  contraction  or  not.  If  the  auricular  systole  follows  the 
stimulus,  then  the  ventricular  latency  must  be  long  (fig.  24). 


Stimulation  of  Venous  Sinus  (minimal). 

It  is  longer  if  stimulation  falls  at  the  commencement  of  ventricular 
systole,  because  at  that  phase,  until  the  auricle  has  contracted,  no 
ventricular  reduplication  occurs.  Occasionally,  though  rarely,  and 
that  after  the  maximum  of  ventricular  contraction,  auricular  redupli- 
cation follows,  or  is  synchronous  with  the  ventricular  systole,  and  then 
latency  is  invariably  short.  Reduplication  with  prolonged  latency, 
probably  from  auricular  reduplication,  is  well  seen  in  the  appended 
tracing  (fig.  25). 

Fro.  25. 


Stimulation  of  Venous  Sinus  (minimal). 

The  stimulation  at  the  end  of  relaxation  in  one  case  causes  redupli- 
cation of  auricle,  coinciding  with  that  of  the  ventricle. 

Tho  tracing  illustrates  the  rule  that  when  the  sinus  is  stimulated 
no  refractory  period  is  observed  as  regards  the  ventricular  redupli- 
cation. 

Venovs  Simis — Maximal  Stimulation, 

There  is  no  insensitive  period  as  far  as  regards  the  ventricle.  During 
all  phases  of  the  systole  stimulation  causes  a  reduphcation  of  the 
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ventricular  beat  (fig.  26).  Inhibition  of  the  ventricnlar  systole  has 
not  been  found  in  many  of  the  hearts  examined,  though  it  occasion- 
ally occurs. 

» 

Fig.  26. 


Stimulation  of  Venous  Sinus  (maximal). 

Should  the  exciting  shock  fall  at  such  a  time  as  to  cause  an 
instantaneous  auricular  systole,  we  find  this  systole  is  nearly  syn- 
chronous with  that  of  the  ventricle,  and  that  the  latter  has  a  short 
latency,  but  should  the  shock  fall  so  that  the  auricle  responds  by  a 
genuine  contraction,  the  ventricular  reduplication  follows  with  a  long 
latency. 

Inhibition  of  the  ventricular  with  reduplication  of  the  auricular 
beat  may  result  occasionally  from  stimulation  of  the  venous  sinus. 

Appendix  A.     Cooled  Hbabt. 

The  construction  of  a  simple  piece  of  apparatus  has  enabled  us  to 
obtain  curves  much  more  striking  than  those  which  appeared  in  the 
foregoing  paper,  as  they  represent  a  far  greater  variation  of  tempe- 
rature. 

Instead  of  the  gutta-percha  support  for  the  heart  already  described, 
a  hollow,  copper  pan  of  similar  shape  was  employed.  It  was  provided 
with  influx  and  efflux  tubes,  and  insulated  below  by  a  plate  of  ivory  in 
which  ran  also  the  electrodes  destined  for  the  stimulation  of  the  sinus. 
This  was  connected  with  the  usual  support  passing  over  the  body. 
Upon  minimal  stimulation  of  the  ventricle  itself  the  succession  of 
anricular  and  ventricular  contraction  is  illustrated  in  the  charts  A 1-4 
here  inserter!.  It  is  seen  that  the  action  of  cold  modifies  considerably 
the  relation  between  the  ventricular  contraction  and  the  succeeding 
auricular  beat.  In  A)  we  find  a  reduplicated  ventricular  beat  suc- 
ceeded by  a  normal  auricular  contraction. 

In  A3  cooled  through  about  2'5*'  C,  the  ventricle  responds  to  the 
same  stimulation,  and  the  wave  does  not  pass  upward  to  the  auricle  ; 
and  in  A4,  in  which  the  contraction  and  relaxation  of  the  heart  had 
become  very  slow  from  a  further  reduction  of  2°,  we  find  the  auricular 
rhythm  is  regular  in  spite  of  ventricular  reduplication.     There  is  in 
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Awricula^  Stimulation. 

Many  additional  experiments  npon  cooled  hearts  have  tended  to 
show  that  it  is  very  rarely  that  stimnlation  of  considerable  strength 
calls  forth  a  yentricnlar  beat,  preceding  or  coexistent  with  the 
auricular.  ITsually  at  all  phases  of  stimulation  which  cause  a  re- 
duplication of  the  auricular  beat,  the  ventricular  succeeds  in  normal 
relationship  (B  1  and  2).  There  is  an  exception  to  this,  however, 
which  is  frequently  demonstrated ;  this  is,  that  whilst  the  auricular 
beat  is  reduplicated  the  ventricular  is  not,  but  is  succeeded  by  a  long 
diastolic  pause  (Bj),  after  which  the  auricle  takes  up  its  old  rhythm. 
Still  more  rarely  stimulation  just  before  commencement  of  ventricular 
systole  causes  omission  of  both  succeeding  auricular  and  ventricular 
beats  (B^). 

The  latency  of  reduplication  varies  considerably  in  minimal  stimu- 
lation of  the  auricle,  but  this  variation  is  not  so  much  owing  to  loss 
of  time  in  the  auricular  as  in  the  ventricular  reduplication.  Thus  in 
Oj  stimulation  at  the  end  of  auricular  relaxation,  ventricular  latency 


Ci  to  C9.    Leyen  as  in  A.    Auricular  Stimi 

is  V^%  in  C3  stimulation  halfway  to  ventricular  maximum  lateni^ 
is  1",  and  in  Cs,  when  stimulation  is  at  ventricular  maximumt  the 
latency  is  for  the  ventricle  only  6". 

On  the  other  hand,  more  powerful  stimulation  of  the  auricle  causes 
reduplications  of  the  ventricle,  which  are  at  all  times  of  equal  or  of 
very  slightly  differing  values.  Thus  in  a  heart  much  cooled  (D  1 
and  2)  we  have  towards  the  commencement  of  ventricular  systole  and 
towards  the  end  of  relaxation  a  latency  for  the  induced  ventricular 
beat  of  l"-2. 
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D,. 


D,. 


D|  to  Dj*    Le^en  as  in  A.    Auricular  Stimulation  (maximal)  of  Cooled  Heart. 

Venous  Sirms. 

In  the  heart  which  has  been  moderately  or  slightly  cooled,  4 — 6**C., 
the  occnrrence  of  ventricnlar  rednplication  without  a  precedent 
anricalar  rednplication  is  very  rare,  even  when  strong  stimulation  is 
employed.  The  refractory  period  occasionally  observed  may  disappear 
after  a  few  stimulations  have  been  given,  or  it  may  persist.     Further- 

E,. 


Ej  to  E3.    Lerers  as  in  A,  but  no  auricular  tracing  giren.    Stimulation  of  Yenous 
Sinus.    El,  before  cooling ;  E2,  after  cooling. 
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more  on  cooling  a  heart  which  has  at  a  certain  temperature,  E^,  shown 
a  refractory  period,  we  may  find  this  converted  into  a  period  dnring 
which  stimnlation  canses  an  omission  of  the  following  beat,  Et. 

The  dnration  of  the  diastolic  pause  is  markedly  influenced  by  tem- 
perature, whereas  it  appears  to  be  but  slightly  affected  by  variation 
in  the  instant  of  stimulation  by  which  it  is  produced. 
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In  Oj  water  of  melted  ice  liad  passed  through  the  support  for 
two  minates. 

O2  water  had  passed    5'. 

Gi  Duration  of  contraction  1"'4     . .        Length  of  panse  from 

stimulation  . .     4/ ''2 
G3  „  ,,  .  •     1"'9     •  •  „  „  6  '6 

G3  „  „  . .     2  '2     . .  „  „  6  '0 

G4  ,»  ),  .  •     2  '4     • .  „  „  6  *2 

G5  was  obtained  from  a  heart  cooled  for  a  considerable  time,  and 
shows  a  remarkable  prolongation  of  the  systole  and  diastolic  pause. 
O5  Duration  of  current       4''*4    . .        Length  of  pause  firom 

stimulation.  •     10" 

It  will  be  seen  in  all  these  cases  that  there  is  a  certain  relation, 
ship  between  the  length  of  the  contraction  and  of  the  pause. 


I.. 


Ii  to  la.    Leren  as  in  A.    Stimulation  of  Tenons  Sinus  (maximal). 
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Tbe  rednplicaiioD  of  the  ventricular  beat  varies  in  regard  to  the 
time  of  stiranlation  under  minimal  stimulation.  Thus  in  H  when 
stimulation  falls  near  the  commencement  of  systole,  auricular  redupli- 
cation occurs  in  1"'8  and  ventricular  reduplication  in  3"'2.  But  in 
the  same  heart  a  stimulation  during  a  period  of  relaxation  yielded  an 
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instantaneons  auricular  response,  the  ventricular  reduplication  occur- 
ring 1"'3  after  stimulation. 

In  tlie  case  of  maximal  stimulation,  the  usual  result  is  an  instan- 
taneous auricular  systole  succeeded  by  a  ventricular.  The  latter, 
therefore,  has  a  latency  equal  to  the  auricular  beat :  this  is  seen  in 
Ii,  Ig,  in  both  of  which  the  latency  is  about  •?" ;  but  in  Ig  we  have,  on 
the  other  hand,  no  auricular  redaplication  for  l"'l.  In  both  this 
instance  and  H^  stimulation  occurred  at  the  commencement  of  ven- 
tricular systole.. 


Time  tracing.    Electro-magnet  recording  seconds.    Applicable  to  all  tracings  in 

Appendix  A^ 

Appendix  B.    Heated  Heart. 

In  some  cases,  heating  a  frog's  heart  through  4***5  C.  may  fail  to 
obliterate  entirely  the   period  of  resistance  te  stimulation.     Heat, 
however,  in  the  same  experiment  may  be  shown  to  shorten  the  refractory 
period  much,  and  to  limit  it  to  the  very  commencement  of  ventricular 
sjBtole  (in  stimulation  applied  to  the  ventricle).    The  series  of  tracings 
g^ven  were  taken  from  a  large  specimen  of  Bana  esculenta^  which  had 
been  kept  at  a  low  temperature  for  a  considerable  time  before  the 
experiment.     The  tracing  obtained  at  room  temperature  (K)  is  there- 
fore that  of  a  cold  heart,  and  the  refractory  period  extends  up  to  the 
commencement  of  relaxation  after  systole.    After  hot  water  had  been 
run  through  the  support  for  5',  and  the  temperature  raised  about 
2°  C,  we  find  diastole  increased  and  systole  much  shortened ;  at  the 
same  time  there  is  a  refractory  period  as  extensive  as  in  the  cold 
heart,  that  is  to  say,  extending  to  the  commencement  of  relaxation  K^. 
In  K3  after  heat  had  been  applied  10',  and  the  temperature  raised 
another  degree,  stimulation  at  an  earlier  phase  produces  redupli- 
cation.    Heated   still  further,  K^,  there  is  reduplication  at  systolic 
maximum,  and  at  Kg  everywhere  except  at  the  very  commencement 
of  systole.     After  heating  through  about  5°  we  still  have  a  refractory 
period,  whilst  the  curve  has  been  reduced  from  1"*4  to  '4/\     In  many 
cases,  however,  the  same  extent  of  heat  may  obliterate  the  refractory 
period  completely.     The  heart  which  yielded  these  curves  passed  into 
rigor  without  showing  the  abolition.     In  the  heated  heart,  of  which 
the  ventricle  is  stimulated,  we  may  find  that  the  auricle  does  not  in 
any  way  participate  in  the  ventricular  excitement,  but  continues  to 
beat  in  ite  usual   rhythm.     Thus,  when  the  heated  heart  yields  a 
series  of  contractions  in  answer  to  a  single  stimulation — a  result  not 
unfrequently  obtained — the  auricle  does   not   reduplicate,  but  may 
VOL.  XXXV.  2   K 
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K,. 


Stimulation  of  Yentricle  (maximal  stimulation). 

K|.  Heart  at  room  temperature,  frog  long  kept  in  cold  room. 

K3.  Temperature  raised  2^  C. 

Ks-  Taken  !(/  later  than  K3,  during  which  time  temperature  was  raiaed  1**  C. 

K4.  Temperature  raised  again  I*'  C. 

Kf.  Temperature  raised  1°  C,  making  about  5^  C.  altogether  aboye  Ej. 


'    Drum  of  more  rapid  rotation  used  in  tracings  given  in  Appendix  B. 
magnet  marks  seconds. 


ThedcctTih 


give  its  systole  in  due  place,  whilst  the  ventricular  contractions  are 
still  occurring.  Not  only  is  this  indifference  to  ventricular  action 
observed  on  the  part  of  the  aaricle,  but  the  counterpart  may  be  occa- 
sionally seen  in  the  ventricle,  foiling  to  follow  the  normal  systole  of 
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the  axiricle  L.     This  is  in  part  due  to  the  fact  that  the  auricle  has 
only  shared  imperfectly  in  the  heating. 


Stimulation  of  Yentricle  (maximal).    Heart  heated  about  T  0.    Tinie  as  in  K. 

There  is  thus  a  disturhance  of  hoth  mnscle- wave* and  nervous 
impulse  produced  by  the  heating  to  which  the  auricles  and  ventricle 
have  been  exposed.  This  failure  on  the  part  of  the  ventricle  occurs 
only  after  there  has  been  a  reduplication  of  its  beat,  and  does  not 
often  occur,  so  far  as  we  have  seen,  when  stimulation,  applied 
to  the  auricle  itself  (M),  onginates  a  systole  there,  for  then  the 

M. 


Stimulation  of  Auricle  (maximal).    Heart  heated  about  6^  C. 

ventricle  follows  in  due  course;  we  should  therefore  regard  the 
exhaustion  of  the  ventricle  after  its  unusual  activity  as  the  cause  of 
its  quiescence  after  the  normal  auricular  beat.  Should  stimulation  be 
applied  to  the  auricle  during  ventricular  diastole,  a  reduplicated 
auricular  beat  succeeded  by  a  ventricular  at  once  occurs.  In  all 
phases  this  natural  sequence  is  maintained,  though  sometimes  at  the 
end  of  its  systole  the  auricular  reduplication  may  be  "6".  Whilst 
a  long  pause  follows  this  reduplication,  it  is  very  rarely  that  a 
stimulation  of  the  auricle  produces  omission  of  the  succeediug 
auricular  and  ventiicnlar  reduplication. 

In  stimulating  the  venous  sinus,  however,  omission  of  the  following 
ventricular  beat  is  frequently  produced  when  the  shock  falls  at  the 
commencement  of  ventricular  systole  (Nj),  but  we  may  find  that  there 
is  an  impulse  propagated  to  the  auricle,  for  this  may  reduplicate 
whilst  the  ventricle  remains  quiescent  (N^). 

A  little  later,  and  up  to  the  maximum  of   systole,  the  auricular 

2  K  2 
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N.. 


Stimulation  o  Yenous  Sinus  (maximal). 

redaplication  is  sncceeded  by  a  ventricalar  (N^),  and  after  the 
maximum,  and  during  the  diastole  of  the  ventricle,  tLe  indnced 
auricular  beat  may  occur  synchronously  with  the  ventricular,  or  it 
may  precede  it  in  regular  course. 

Both  of  the  charts  Nj  and  Nj  are  taken  from  a  heart  warmed 
through  about  5°  C,  and  Ng  gives  a  tracing  of  the  same,  in  which 
stimulation  does  not  occur. 

In  the  stroDger  tendency  to  cause  omission  of  a  ventricular  beat, 
as  well  as  in  the  frequent  occurrence  of  an  auncular  contraction 
coincident  with  or  succeeding  the  ventricular,  when  stimulation  fails 
after  ventricular  maximum  or  in  diastole,  we  see  a  marked  contrast 
in  the  reaction  of  the  venous  sinus  and  the  auricle  to  stimulation. 

From  the  charts  0^,  O3,  O3  we  see  that  the  latency  of  the  auricular 
beat  varies.  Thus  stimulation  occurring  jnst  at  the  end  of  auricular 
relaxation  (0^)  causes  an  instantaneous  reduplication,  whilst  during 
diastole  proper  it  has  a  reduplication  with  a  latency  of  '2".  In  the 
former  case  auricular  induced  systole  precedes  the  ventricular,  in  the 
latter  they  occur  at  the  same  moment  (Og,  O3). 

Contrast  this  res  alt  with  the  stimulation  of  the  auricle  itself  in 
which  reduplication  occurs  at  once  on  stimulation,  and  ventricular 
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Stimulation  of  Venous  Sinus  (maximal). 

reduplication  succeeds  or  occurs  occasionally  (stimulation  at  the  end 
of  auricular  relaxation)  in  *5",  followed  by  ventricle. 

Appendix  C.     Stbychnia  on  Feog's  Heart. 

In  order  to  test  the  correctness  of  the  conclusion  that  strychnia 
lengthens  the  refractory  period,  we  placed  frogs  in  which  the  medulla 
and  cord  only  existed  on  the  cardiograph.  The  effects  of  stimulation 
were  then  observed,  and  subsequently  a  small  dose  of  strychnia  was 
injected  into  the  dorsal  lymph  sac ;  as  soon  as  the  resulting  spasm  was 
well  developed,  stimulation  was  again  applied,  the  strength  of  stimu- 
lation and  the  position  of  the  electrodes  remaining  constant. 

Thus,  in  fig.  Pg,  a  frog's  heart,  in  which  active  circulation  was 
present,  showed  a  refractory  period  through  about  one-half  of  the 


Stimulation  of  Yentride. 
1.  Before  injection  of  stiychnia.    2.  After  injection  of  strychnia. 
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maximal  mamtenance  of  systole.  In  3'>  after  the  injection  of  a  small 
doee  of  strychnia  into  the  dorsal  lymph  sac,  distinct  spasm  was 
present,  and  in  6'  fig.  Pj  was  taken,  which  showed  that  the  refractory 
period  had  hecome  prolonged,  nntil  relaxation  of  the  yentricle  had 
commenced. 


Tiine-inarl  er  rMOidiDg  seconds.    All  tracings  in  Appendix  C  taken  at  this  speedy 

except  S  and  T. 

It  may  happen  that  stronger  stimulation  before  the  maximum 
of  systole  is  reached,  canses  an  auricular  beat,  which  precedes 
in  normal  rhythm  the  induced  ventricular  contraction.  This  is 
observed  when  the  electrodes  are  placed  near  the  base  of  the  veniricle, 
or  when  stimulation  is  passed  through  the  same  portion  of  the  heart 
from  the  float  to  an  electrode  placed  beneath  the  heart  upon  the 
supporting  shelf.  After  the  maximum  of  systole,  however,  the 
auricular  contraction  succeeds  the  induced  ventricular.  Both  these 
facts  are  demonstrated  in  fig.  Q,  in  which  this  occasioual  increased 
auricular  excitability  is  shown. 

Auricular  Stimulation. 

Occasionally  maximal  stimulation  applied  to  the  auricle  produces  at 
all  times  an  auricular  contraction  succeeded  by  a  ventricular ;  more 
usually,  however,  this  relationship  exists  only  up  to  the  maximum  of 
systole  (ventricular),  and  thereafter  the  induced  auricular  beat 
succeeds  the  ventricular. 

Should  stimulation  cause  an  instantaneous  auricular  systole,  then 
the  ventricular  reduplication  has  a  latency  of  nearly  equal  value  at  all 
times  at  which  it  may  occur,  but  should  there  be,  as  in  fig.  B^,   a 
considerable  auricular  latency  (about  1")  then  the  ventricular  latency  ' 
is  liable  to  great  variations. 

At  the  maximum  of  auricular  systole,  fig.  B^,  we  have  an  imme- 
diate auricular  response,  and  a  ventricular  latency  of  *4i";  and  in 
fig.  B  (3)  there  is  an  almost  instantaneous  ventricular  systole,  with  an 
auricular  latency  of  about  15'^  The  diastolic  pause  is  the  longer  the 
later  stimulation  falls.  In  fig.  B^  it  is  *9" ;  in  fig.  B^  it  is  1"'9 ;  in 
fig.  B^  it  is  2"-3. 

Stimulation  falling  just  after  maximum  of  auricular  systole,  and  at 
the  commencement  of  ventricular  systole,  may  cause  in  addition  to  the 
results  enumerated,  omission  of  the  succeeding  auricular  and  ventri- 
cular contractions,  or  reduplication  of  the  auricular,  but  omission  of 
the  succeeding  ventricular  (^g.  S). 
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ThnB  the  induced  anricolar  contraction  in  this  instance,  instead  of 
passing  a  motor  impnlse  downwards  to  the  ventricle,  appears  not 
only  to  check  the  reduplication,  but  greatly  to  prolong  the 
diastole. 

It  is  easily  recognised  from  the  auricular  tracing  that  the  induced 
contraction  is  one  of  the  unfilled  cavities  (fig.  S),  but  though  little 
or  no  blood  passes  into  the  ventricle,  a  positive  effect  upon  the  latter 
is  still  produced. 
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S. 


Stunulation  of  Aaride  (maximal).    Leren  as  in  fig.  Q. 

Vetums  Sinus. 

As  regards  the  relationship  of  the  auricular  reduplication  to  tlie 
time  of  stimulation,  we  find  the  latency  of  the  auricle  occasionallj 
varjing  in  length,  but  usually  it  has  very  nearly  equal  values,  except 
when  the  shock,  falling  during  ventricular  relaxation,  calls  forth  a 
simultaneous  auricular  and  ventricular  contraction,  and  in  this  case 
latency  is  reduced.  It  is  to  be  noted  that  this  induced  auricular 
contraction  does  not  cause  another  induced  ventricular  systole :  its 
further  effects  seem  to  be  lost  or  dissipated. 

At  two  points  in  Chart  T,  ventricular  systole  being  advanced  half- 
way and  *6  of  the  way  to  its  maximum,  the  auricular  latency  is  equal, 
and  when  at  the  end  of  ventricular  relaxation  the  auricle  contracts  at 
the  same  time  as  the  ventricle,  the  latency  is  still  about  the  same. 
The  time  lost,  therefore,  in  this  case  is  in  ventricular  reduplication : 
either  the  impulse  from  the  auricle  is  transmitted  at  different  speeds 
at  different  times,  or  it  meets  at  different  times  with  variation  in  the 
excitability  of  the  ventricle.  The  later  in  the  systole  the  stimulation 
falls  the  less  is  the  resistance  to  the  transmission  of  the  impulse  or 
the  greater  the  excitability  of  the  ventricle. 

The  whole  subject  of  the  rhythmical  contraction  of  the  frog's  heart 
and  itfi  stimulation  and  inhibition  is  a  very  complex  and  difficult  one. 
The  points  upon  which  our  present  research  seems  to  us  to  throw 
some  light  are  the  nature  and  mode  of  transmission  of  the  stimuli 
which  one  cavity  transmits  to  another  in  the  ordinary  process  of 
rhythmical  contraction.  Marey's  researches  have  shown  that  in  the 
ventricle  itself  there  is  a  time  when  stimalatiou  implied  to  it  has  no 
apparent  action ;  this  time  is,  however,  in  many  cases  of  very  short 
duration  and  limited  to  the  commencement  of  ventricular  systole. 
At  the  commencement  of  ventricular  systole  stimulation  without 
provoking  contraction  causes  often  a  positive  effect,  namely,  a  greatly 
prolonged  diastolic  pause,  which  we  have  been  inclined  to  regaid  as 
due  to  omission  of  a  ventricular  contraction. 
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it  seemed  of  interest  to  ascertain  whether  a  similar  oondition 
occurred  in  the  other  cavities  of  the  frog's  heart.  We  find  that  in  tiie 
auricular  stimulation  about  or  shortly  after  the  period  of  maximum 
contraction  of  the  auricle  may  cause  inhibition  of  the  next  auricular 
beat. 

We  have  not  yet  succeeded  in  registering  the  contractions  of  the 
venous  sinus  with  sufficient  accuracy  to  enable  us  positively  to  deter- 
mine the  occurrence  of  a  similar  refractory  period  in  the  venous  sinus 
itself,  but  the  results  we  have  obtained  lead  us  to  hope  that  we  shall 
soon  be  able  to  do  so. 

Another  interesting  consideration  is,  whether  the  stimulus  which 
each  cavity  of  the  heart  transmits  to  the  succeeding  one,  consists  in  the 
propagation  of  an  actual  muscular  wave,  or  in  the  propagation  of  an 
impulse  along  the  nerves.  The  observations  of  Oaskell  have  given 
very  great  importance  to  the  muscular  wave  occurring  in  each  cavity 
of  the  heart  of  cold-blooded  animals  as  a  stimulus  to  the  contraction 
of  the  next  succeeding  cavity.  Our  observations  appear  to  us  to 
show  that  while  this  is  an  important  factor,  it  is  not  the  only  one  in 
the  transmission  of  stimuli.  We  have  observed  that  stimulation  of 
the  auricle  rarely  or  never  causes  contraction  of  the  ventricle  unless  the 
auricle  also  contracts.  When  stimulation  of  the  auricle  causes  both 
itself  and  the  ventricle  to  contract,  the  auricula  contraction  precedes 
the  ventricular  one  in  such  a  way  that  we  might  be  justified  in 
regarding  the  ventricular  contraction  as  due  to  the  propagation  of 
the  contractile  wave  from  the  auricle  to  the  ventricle.  It  would  also 
appear  that  a  contractile  wave  may  be  propagated  backwards,  for  on 
stimulation  of  the  ventricle  we  have  observed  the  contraction  of  the 
ventricle  produced  by  stimulation  has  been  succeeded  by  an  auricular 
contraction  such  as  might  be  supposed  to  be  due  to  propagation  of 
the  contractile  wave  back  from  the  ventricle  to  the  auricle.  While 
these  observations  appear  to  show  that  the  propagation  of  the  con- 
tractile wave  from  one  cavity  of  the  heart  to  another  is  of  importance 
in  keeping  up  the  rhythmical  sequence,  we  consider  that  stimuli  are 
also  propagated  from  one  chamber  of  the  heart  to  another  through 
nervous  channels : — thus  we  find  that  irritation  of  the  venous  sinus 
will  sometimes  produce  simultaneous  contractions  of  the  auricle  and 
ventricle,  instead  of  the  ventricular  beat  succeeding  the  auricular  in 
the  usual  way.  This  we  think  is  hardly  consistent]with  the  hypothesis 
that  a  stimulus  consists  of  the  propagation  of  a  muscular  wave  only 
from  the  auricle  to  the  ventricle. 

As  additional  evidence  we  may  notice  the  occurrence  of  an  auricular 
beat  followed  by  absence  or  inhibition  of  a  ventricular  beat  as  the 
result  of  stimulation  of  the  auricle,  or  venous  sinus.  Moreover,  we 
have  noticed  in  the  heated  heart  the  occurrence  of  groups  of  regular 
beats  in  the  ventricle  in  consequence  of  a  single  stimulation  applied 
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to  it,  while  the  anricle  has  continued  to  beat  with  its  ordinary  nn- 
altered  rhythm  nndistnrbed  by  the  ventricnlar  excitement. 

It  is  not  however  onr  pnrpose  to  do  more  in  this  paper  than  state 
the  results  we  have  hitherto  obtained,  and  we  shall  therefore  reserve 
to  a  future  communication  the  consideration  of  this  and  some  other 
questions  of  importance  closely  allied  to  it. 

Another  question  is  the  nature  of  the  inhibitory  influence  exerted 
by  one  cavity  of  the  heart  upon  another.  Marey  had  shown  that 
stimnlation  of  the  ventricle  daring  a  great  part  of  the  refractory 
period  exercises  an  inhibitory  instead  of  a  motor  action  upon  the 
ventricle  itself.  It  might  be  supposed  then  that  a  stimulus  of  either 
kind,  whether  proceeding  from  the  auricle  in  the  form  of  a  contractile 
wave;  or  a  nervous  impulse,  might  produce  inhibition  of  the  ventricle^ 
provided  the  stimulus  reached  it  during  that  part  of  the  refractory 
period  in  which  stimulation  usually  causes  inhibition.  From  our 
observations  it  seems  that  the  inhibition  of  the  ventricle  which  may 
follow  stimulation  of  the  auricle  is  not  due  to  the  muscular  wave 
propagated  from  the  auricle  and  striking  the  ventricle  during 
the  refractory  period.  In  fig.  6,  we  notice  that  the  auricular 
contraction  succeeded  by  ventricular  inhibition  occurs  after  the 
refractory  period  of  the  ventricle  has  passed;  we  must,  therefore, 
look  upon  the  inhibition  as  due  to  the  propagation  of  a  nervous 
impulse  from  one  cavity  to  another.  In  the  auricle  we  find  that 
stimulation  may  produce  inhibition  of  the  auricular  and  ventricular 
beats,  or  of  the  ventricular  beats  alone.  We  may,  therefore,  suppose 
that  the  stimulus  applied  to  the  auricle  acts  upon  two  different 
nervous  mechanisms ;  seeing  that  it  is  enabled  to  inhibit  the  ventricular 
beats  without  affecting  the  auricular  ones,  we  are  unable  to  say 
precisely  what  the  effect  of  a  single  stimulus  applied  to  the  venous 
sinus  is  apon  the  sinus  itself,  but  here  we  note  that  the  same  result 
will  follow  stimulation  of  the  sinus,  as  of  the  auricle,  viz.,  inhibition 
of  the  ventricular  without  inhibition  of  the  auricular  beat,  or  in- 
hibition  of  both  together. 

As  has  been  already  pointed  out  by  Professor  Marey,  the  refractory 
period  is  increased  when  the  heart  is  artificially  cooled.  We  have 
also  found  that  there  is  a  prolongation  of  the  time  during  which 
stimulation  causes  an  inhibition  or  omission  of  the  following  systole. 

It  is  very  seldom  that  stimulation  of  the  auricles  or  of  the  venons 
sinus  causes  a  ventricular  contraction  without  auricular  systole  pre- 
ceding it  in  the  ordinary  rhythm.  In  this  respect  the  action  of  the 
heart  offers  a  contrast  to  the  normal.  Though  the  muscular  wave 
started  in  the  auricle  is  usually  succeeded  by  a  ventricular  contrac- 
tion, it  may  occasionally  be  succeeded  by  a  ventricular  inhibition,  or 
auricular  stimulation  may  be  followed  by  inhibition  of  both  auricle 
and  ventricle. 
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The  propagation  of  the  wave  in  an  upward  direction,  yis.,  from 
ventricle  to  anricle,  is  not  so  regular  as  in  the  normal  heart,  the  time 
elapsing,  when  it  does  occur  between  the  ventricular  and  auricular 
systole,  bearing  a  relationship  to  the  degree  of  cold  produced.  Whilst 
the  ventricle  is  reduplicating  in  response  to  direct  stimulation,  the 
auricle  may  maintain  its  regular  rhythm.  Stimulation  of  the  venous 
sinus  almost  invariably  gives  an  auricular  contraction  at  all  tunes 
preceding  the  ventricular.  It  has  been  already  shown  that  in  the 
case  of  the  normal  heart  stimulation  in  advanced  diastole  frequently 
causes  a  spontaneous  auricular  and  ventricular  contraction,  or  a 
ventricular  beat  preceding  the  auricular. 

In  the  heated  heart  we  have  noticed,  in  addition  to  the  excessive 
diminution  or  abolition  of  the  refractory  period  in  the  ventricle 
already  observed  by  Marey,  that  usually  the  refractory  period  in  the 
auricle  entirely  disappears.  A  single  stimulation  of  the  ventricle 
sometimes  gives  rise  to  a  series  of  contractions  with  incomplete 
relaxation  intervening.  After  this  has  occurred,  or  after  a  simple 
reduplication  has  been  caused,  it  often  happens  that  the  auricular 
l)eat  occurring  in  normal  sequence  is  not  followed  by  ventricular, 
which  seems  to  show  a  temporary  state  of  exhaustion  of  the  ventricle. 
In  the  heated  heart  the  duration  of  a  systole  is  so  short  that  two  beats 
immediately  succeeding  one  another  may  be  perfectly  distinct,  while, 
in  the  normal  heart,  the  second  one  would  have  fallen  within  the 
time  of  the  systole  of  the  first,  so  that  it  could  only  have  appeared,  if 
it  were  possible  at  all,  as  an  increase  either  of  the  height  or  length  of 
the  first  systole.  Inhibition  occurs  in  the  heated  heart  as  well  as  in 
the  normal,  which  is  most  frequently  observed  upon  stimulation  of 
the  venous  sinus,  and  it  is  frequently  at  this  time  associated  with  a 
reduplicated  auricular  contraction.  The  efiect  of  strychnia  is  to  pro- 
long the  refractory  period  of  the  ventricle.  Stimulation  of  the  ventricle 
is  frequently  succeeded  by  contraction  of  the  auricle.  There  is  an 
increased  tendency  for  stimulation  of  the  ventricle  to  induce  a  beat  of 
the  auricle  preceding  the  ventricular  systole.  There  is  less  tendency 
for  the  stimulation  of  the  vcdous  sinus  or  auricle  to  induce  a  beat  of 
the  ventricle  succeeded  by  one  of  the  auricle ;  and,  indeed,  this  only 
occurs  when  the  stimulus  falls  just  at  the  end  of  the  ventricular 
systole,  i.e.,  when  the  ventricle  itself  is  most  sensitive.  These  tacts 
seem  to  indicate  that  the  nervous  channels  are  more  active  in  trans- 
mitting stimuli,  both  downwards  from  the  venous  sinus  to  the  auricle 
and  ventricle,  and  from  the  ventricle  back  to  the  auricle. 

In  its  effect  upon  the  refractory  period,  and  in  the  tendency  it 
produces  to  maintain  the  regular  rhythm,  the  action  of  strychnia 
agrees  with  that  of  tcold,  as  shown  in  the  present  series  of  experiments ; 
but,  as  we  have  already  shown  in  a  former  paper,*  its  effect  in  causing 

•  "  Si.  BartholomeVs  Hoep.  Reports,"  vol.  xii,  p.  229. 
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the  ventricle  when  arrested  by  a  ligature  applied  aronnd  the  junction 
of  the  venous  sinus  with  the  auricles  to  recommence  pulsation 
resembles  that  of  heat. 

There  are  many  other  points  on  which  we  think  that  a  fuller  con- 
sideration of  our  experiments  will  throw  li^ht,  but  to  take  them  up  at 
present  would  involve  too  lengthy  a  discussion  of  doubtful  points  in 
the  physiology  of  the  frog's  heart,  and  so  we  must  reserve  them  for  a 
future  time. 


Digitized  by 


Google 


Digitized  by 


Google 


INDEX  TO  VOL.  XXXV. 


ABNEY  (Oapt.  W.  de  W.)  and  Colonel 
Festine,  atmospheric  absorption  in 
the  inira-red  ot  the  solar  spectrum, 
80. 

the  influence  of  'water  in  the 

atmosphere  on  the  solar  spectrum  and 
solar  temperature,  828. 

^—  and  A.  Schuster  on  the  total  solar 
ecUpse  of  May  17,  1882, 151. 

Absorption,  atmospheric,  in  the  infra- 
red of  the  solar  spectrum  (Abnej  and 
Festing),  80. 

of  ultra-yiolet  rays  by  various  sub- 
stances, notes  on  the  (Liyeing  and 
Dewar),  71. 

Action  of  calcium,  barium,  and  potas- 
sium on  muscle,  preliminary  note 
(Brunton  and  Gash),  63. 

Adeney  (W.  E.)  and  W.  N.  Hartley, 
measurements  of  the  wave-lengths  of 
rays  of  high  refrangibility  in  the 
spectra  of  elementary  substances,  148. 

Affinities  of  Thylacoleo  (Owen),  19. 

Alcyonarians,  on  the  ciliated  groove 
(aiphonoglyphe)  in  the  stomodsum 
of  the  (Hickson),  280. 

Ammonias,  substituted,  on  the  molecu- 
lar weights  of.  No.  1.  Triethylamine 
(Dewar  and  Scott),  847. 

Anatomy  of  the  Hirudinea  (Bourne), 
350. 

Animals  fed  and  slaughtered  as  human 
food ;  composition  of  the  ash  of  the 
entire  animals,  and  of  certain  sepa- 
rated parts  (Lawes  and  Gilbert), 
842. 

Apparatus  employed  at  the  Kew  Obser- 
vatory for  the  examination  of  the 
dark  glasses  and  mirrors  of  sextants 
(Whipple),  42. 

Arc,  note  on  the  outburst  of  hydrogen 
lines  when  water  is  dropped  into  the 
(Liveing  and  Dewar),  74. 

Arterial  pressure,  influence  of  variations 
in,  upon  the  work  done  by  the  heart 
(Howell  and  Donaldson),  271. 

Arthropoda,  on  the  structure  and  func- 
tions of  the  eyes  of  (Lowne),  140. 


Ash,  composition  of  the,  of  some 
animals  ted  and  slaughtered  as  human 
food  (Lawes  and  Gilbert),  842. 

Astronomical  photography,  circular  con- 
cerning (Pickering),  260. 

Atmospheric  absorption  in  the  infra-rod 
of  the  solar  spectrum  (Abney  and 
Festing),  80. 

Atomic  weight  of  glucinum  or  beryllium 
(Humpic^e),  137. 

(Reynolds),  248. 

reply  to  a  note  by  Professor 

J.  £.  Reynolds  (Humpidg^,  858. 

of  manganese   (Dewar   and 

Scott),  44. 

Bakerian  lecture,  on  radiant  matter 
spectroscopy  (Crookes),  262. 

Balfour  (Fiuncis  Maitland),  obituary 
notice  of,  xx. 

Barium,  action  of,  on  muscle,  pre- 
liminary note  (Brunton  and  Cash), 
68. 

Batteries,  storage,  contribution  to  the 
chemistry  of  (Frankland),  67. 

the  effects  of  temperature  on  the 

electromotive  force  and  resistance  of 
(Preece),  48,  250. 

Bell  (James),  contributions  to  the  che- 
mistry of  food,  161. 

Beryllium  (fflucinum),  on  the  atomic 
weight  of  (Humpidge),  187. 

or  glucinum,  note  on  the  atomic 

weight  of  (Reynolds),  248. 

—  atomic  weight  of,  reply  to  a 

note  by  Professor  J.  E.  Reynolds 
(Humpidge),  858. 

Bidwell  rS.),  on  the  electrical  resis- 
tance of  carbon  contacts,  1. 

Bile  of  vertebrates,  observations  of  the 
colouring  matters  of  (MacMunn),  132. 

of  invertebrates,  observations  on 

the  colouring-matters  of  the  so-called, 
and  on  those  of  the  bile  of  vertebrates 
(MacMunn),  870. 

Bisulphide  of  carbon,  on  a  hitherto  un- 
observed resemblance  between  car- 
bonic acid  and  (Tyndall),  129. 


Digitized  by 


Google 


498 


INDEX. 


Blood,  experiments  upon  the  heart  of 
the  dog  with  reference  to  the  maxi- 
mum Tolume  of,  sent  out  by  tbe  left 
T^tricle  in  a  single  beat  (Howell  and 
Donaldson),  271. 

Blood-corpuscles,  coloured,  on  the  action 
of  certain  reagents  upon.  Fart  I. 
Newt  and  frog  (Stirling  and 
Bannie),  114. 

Boron  and  silicon,  on  line  spectra  of 
(Hartley),  801. 

Bourne  (A.  G-.),  contributions  to  the 
anatomy  of  the  Hirudinea,  850. 

Brachial  plexus,  note  on  the  motor 
roots  of  the  (Ferrier),  229. 

Brady  (H.  B.),  note  on  Syrinffommiiut, 
a  new  type  of  arenaceous  Bhisopoda, 
165. 

Brunton  (T.  L.)  and  T.  Oash,  contribu- 
tions to  our  knowledge  of  the  con- 
nexion between  chemical  constitution, 
physiological  action,  and  antagonism, 
824. 

— on  the  effect    of   electrical 

stimulation  of  the  frog's  heart,  and 
its  modification  by  heat,  cold,  and  the 
action  of  drugs,  4iS5. 

preliminary  note  on  the 

action  of  calcium,  barium,  and  potas- 
sium on  muscle,  68. 

Calcium,  barium,  and  potassium,  pre- 
liminary note  on  the  action  of,  on 
muscle  (Brunton  and  Cash),  68. 

Candidates  for  election,  list  of,  66. 

selected,  list  of,  178. 

Carbohydrates  in  the  animal  system, 
introductory  note  on  the  physiology 
of  the  (Pavy),  145. 

Carbon  contacts,  on  the  electrical  resis- 
tance of  (Bid well),  1. 

Carbonic  acid,  on  a  hitherto  unobserved 
resemblance  between,  and  bisulphide 
of  carbon  (Tyndall),  129. 

Carpenter  (P.  H.)  on  a  new  crinoid 
from  the  Southern  Sea,  188. 

(W.  B.),  researches  on  the  Forami- 

nifera.  Supplemental  memoir.  On 
an  abyssal  type  of  the  genus  Orhito- 
liteg,276. 

Cash  (T.)  and  T.  L.  Brunton,  contri- 
butions to  our  knowledge  of  the  con- 
nexion between  chemical  constitution 
and  physiological  action  and  antago- 
nism, 824. 

—  on  the  effect    of    electrical 

stimulation  of  the  frog's  heart,  and 
its  modification  by  heat,  cold,  and  the 
action  of  drugs,  455. 

preliminary  note  on  the  action 

of  calcium,  barium,  and  potassium  on 
muscle,  63. 

and  Q-.  F.  Yeo  on  the  variations  of 


latency  in  certain  skeletal  muscles  of 
some  different  animals,  281. 

Chemical  constitution,  contributions  to 
our  knowledge  of  the  connexion  be- 
tween, and  physiological  action  and 
antagonism  (Brunton  and  Cash),  324. 

Chemistry  of  food,  contributions  to  the 
(Bell),  161. 

of  storage  batteries,  contribution 

to  the  (FranUand),  67. 

Chloride  of  silver  battery,  experimental 

researches  on  the  electric  dischai^ 

with  the.    Part  IT  (De  La  Bue  and 

Muller),  292. 
Ciliated  groove  (siphonoglyphe)  in  the 

itomodeum     of     the    Alcyonarians 

(Hickson),  ^0. 
Colouring-matten  of  the  so-called  bile 

of  invertebrates,  observations  on  (Mae 

Munn)  182. 

—  observations  on  the,  of  the 

so-called  bile  of  invertebrates,  on 
those  of  the  bile  of  Tertabratea, 
and  on  some  unusual  urine  pigmenta 
(MacMunn)  870. 

Compass,  on  the  changes  which  take 
place  in  the  deviations  of  the  standard, 
m  tbe  iron  armour-plated,  iron,  and 
composite-built  ships  of  the  Boyal 
Navy  on  a  considerable  change  of 
magnetic  latitude  (Creak),  77. 

Composition  of  some  of  the  animals  fed 
and  slaughtered  as  human  food.  Sup- 
plement: composition  of  the  ash 
(Lavres  and  G-ilbert),  342. 

Connexion  between  chemical  constitution 
and  physiological  action  and  antago- 
nism, contributions  to  our  knowle^e 
of  the  (Brunton  and  Cash),  824. 

Conroy  (Sir  J.),  some  experiments  on 
metallic  reflection.  III.  On  the 
amount  of  light  reflected  by  metaUie 
surfaces,  26. 

Continuity  of  the  protoplasm  through 
the  walls  of  vegetable  calls  (Gardiner), 
163. 

Creak  (Cant.  E.  W.)  on  the  changes 
which  take  place  in  the  deviations  of  the 
standard  compass  in  the  iron  armour- 
plated,  iron,  and  composite-built  ships 
of  the  Boyal  Navy  on  a  considerable 
change  of  magnetic  Utitude,  77. 

Crinoid  from  the  Southern  Sea,  on  a 
new  (P.  H.  Carpenter),  138. 

Crookes  (W.) — The  Bakerian  lecture  on 
radiant  matter  spectroscopy.  A  new 
method  of  spectrum  analysis,  262. 

Curves,  on,  circumscribing  rotating  poly- 
gons with  reference  to  the  shape  of 
drilled  holes  (3fallock),  319. 

De  La  Rue  (W.)  and  H.  W.  Midler, 
experimental  researches  on  the  electric 
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disohaTge  with  the  chloride  of  silver 
battery.    Part  IV,  292. 

Deriationt  of  the  etandard  oompaM,  on 
the  changes  which  take  place  in  the,  in 
the  iron  armour-plated,  iron,  and  com- 
posite-built ships  of  the  Bojal  Narj 
on  a  considerable  change  of  magnetic 
hititude  (Creak),  77. 

Dewar  (J.)  and  Q-.  I).  Lireinff,  notes  on 
the  absorption  of  nltra-yiokt  rays  bj 
TarioQS  substances,  71. 

note  on  the  order  of  rerersi- 

bilitj  of  the  lithium  lines,  76. 

note  on  the  rereruJ  of  hydro- 

gen  lines;    and  on  the  outburst  of 
ydrogen  lines  when  water  is  dropped 
into  the  are,  74. 

—  and  A.  Scott  on  the  atomic 
weight  of  manganese,  44. 

'— on  the  molecular  weights  of 

the  substituted  ammonias.      No.  I. 

Triethylamine,  347. 
Dilator  nerve  of  the  iris,  note  on  the 

(Ferrier),  229. 
Donaldson  (F.),  Jr.,  and  W.  H.  Howell, 

experiments  upon  the  heart  of  the 

dog,  271. 
Drilled  holes,  on  curves  circumscribing 

rotating  polygons  with  reference  to 

the  shape  of  (Mallock),  319. 

Earth's  rotation,  the  cause  of  an  apparent 
change  in  the  time  of  (Stone),  136. 

Eclipse  of  May  17, 1882,  on  the  total 
solar  (Schuster  and  Abnev),  151. 

Election,  list  of  candidates  for,  66. 

selected  candidates  for,  178. 

of  Fellows,  275. 

Electric  discharge  with  the  chloride  of 
silver,  battery,  experimental  researches 
on  the.  Fart  IV  (De  La  Rue  and 
MdUer),  292. 

Electrical  motions  in  a  spherical  con- 
ductor (Lamb),  180. 

resistance  of  carbon  contacts  (Bid- 
well),  1. 

stimulation  of  the  frog's  heart, 

on  the  effect  of,  and  its  modifi- 
cation by  heat,  cold,  and  the  action  of 
drugs  (Brunton  and  Cash),  455. 

Electromagnetic  unit  of  electricity,  on 
the  determination  of  the  number  of 
electrostatic  units  in  the  (Thomson), 
346. 

Electromotive  force  and  resistance  of 
batteries,  the  effects  of  temperature 
on  the  (Preece),  48,  250. 

Electrostatic  units,  on  the  determination 
of  the  number  of,  in  the  electro- 
magnetic unit  of  electricity  (Thomson) , 
846. 

Examination  of  the  dark  glasses  and 
mirrors  of    sextants,  apparatus  em-  I 
TOL.  xxxy. 


ployed  for,  at  tho  Sew  Observatorv 
(Whipple),  42. 

Experimental  inquiry  into  the  composi- 
tion of  some  of  the  animals  fed  and 
slaughtered  as  human  food.  Sup- 
plement: composition  of  the  ash  of 
the  entire  animals,  and  of  certain  sepa- 
rated parts  (Lawes  and  Gilbert^,  342. 

Experiments  on  metallic  reflection. 
No.  3.  On  the  amount  of  light  re- 
flected by  metallic  surfaces  (Conroy), 
26. 

Eyes  of  Arthropoda,  on  the  structure  and 
functions  of  (Lowne),  140. 

Faeroe  Channel,  remarks  on  the  sound- 
ings and  temperatures  obtained  in  the, 
during  the  summer  of  1882  (H.M.S. 
"Triton")  (lizard),  202. 

Fellows,  election  of,  275. 

Ferrier  (D.),  note  on  the  motor  roots  of 
the  brachial  plexus,  and  on  the  dilator 
nerve  of  the  iris,  229. 

Festing  (Colonel)  and  Captain  Abney, 
atmospheric  absorption  in  the  infra- 
red of  the  solar  spectrum,  80. 

influence   of   water  in  the 

atmosphere  on  the  solar  spectrum 
and  solar  temperature,  328. 

Flight  (W.),  examination  of  the  meteo- 
rite which  fell  on  the  16th  February, 
1883,  at  Alfianello,  in  the  district  of 
Yerolannova,  in  the  province  of 
Brescia,  Italy,  258. 

Food,  composition  of  the  ash  of  some 
animals  ted  and  slaughtered  as  human 
(Lawes  and  Gilbert),  342. 

contributions  to  the  chemistry  of 

(Bell),  161. 

Foraminifera,  researches  on  the.  Sup- 
plemental: an  abyssal  type  of  the 
genus  Orhitolitea  (Carpenter),  276. 

Frankland  (£.),  contribution  to  the 
chemistry  of  storage  batteries,  67. 

Frog  and  newt,  on  the  action  of  certain 
reagents  upon  the  coloured  blood-' 
corpuscles  of  the  (Stirling  and 
Bannie),  114. 

Gardiner  (W.)  on  the  continuity  of  the 
protoplasm  through  the  walls  of  vege- 
table cells,  163. 

Gkrrod  (A.  B.)  on  the  formation  of 
uric  acid  in  the  animal  economy  and 
its  relation  to  hippuric  add,  63. 

Gilbert  (J.  H.)  and  Sir  J.  B.  Lawes, 
supplement  to  former  paper  entitled 
*'  Experimental  inquiry  into  the  com- 
position of  some  of  the  animals  fed 
and  slaughtered  as  human  food : " 
composition  of  the  ash  of  the  entire 
animals,  and  of  certain  separated 
parts,  342* 
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Glaeinmn  (beiylliiiin)  on  the  ttomic 
weight  of  (Huxnpidge),  187. 

^—  or  berjllinm,  note  on  the  atomic 
weight  of  (Rernoldn),  248. 

—  —  ttomic  weight  of,  reply  to  a 
note  bj  Profeaeor  J.  E.  Reynoldfl 
(Humpidge),  868. 

Cbeat  omentum  and  tranrrene  mesoco- 
lon, on  the  development  of  the 
(Lookwood),  279. 

Hansen's  tables,  canse  of  the  Harge 
errors  existing  between  the  positions 
of  the  moon  deduced  from,  and 
observation  (Stone),  185. 

Hartley  (W  N.),  on  line  spectra  of 
boron  and  silicon,  801. 

remarks  on  spectrum  photography 

in  relation  to  new  methoas  of  quanti- 
tative  chemical  analysis.    Fart  I,  8&9. 

— ^  and  W.  E.  Adeney,  measurements 
on  the  wave-lengths  of  rays  of  high 
refrangibility  in  the  spectra  of  elemen- 
tary substances,  148. 

Heart,  influence  of  variations  in  venous 
pressure,  arterial  pressure,  and  pulse- 
rate  upon  the  work  done  by  the 
(Howell  and  Donaldson),  271. 

—  of  the  dog,  experiments  upon  the 
(Howell  and  Donaldson),  271. 

— ^  on  the  eifect  of  electrical  sti- 
mulation of  the  frog*s,  and  its 
modification  by  heat,  cold,  and  the 
action  of  drugs  (Brunton  and  Cash), 
455. 

Hicks  (W.  M.)  on  the  steady  motion  of 
a  hollow  vortex,  804. 

Hickson  (S.  J.),  on  the  dliafed  groove 
(siphonoglyphe)  in  the  stomodsum 
of  the  Alcyonarians,  280. 

Hippuric  acid,  on  the  formation  of  uric 
acid  in  the  animal  economy,  and  its 
relation  to  (Qarrod),  68. 

Hirudinea,  contributions  to  the  anatomy 
of  the  (Bourne),  860. 

Hollow  vortex,  on  the  steady  motion  of 
(Hicks),  804. 

Howell  (W.  H.)  and  F.  Donaldson, 
junr.,  experiments  upon  the  heart  of 
the  dog  with  reference  to  the  maxi- 
mum volume  of  blood  sent  out  by 
the  left  ventricle  in  a  single  beat, 
and  the  influence  of  variations  in 
venous  pressure,  arterial  pressure,  and 
pulse-rate  upon  the  work  done  by  the 
heart,  271. 

Huggins  (W.)  on  the  function  of  the 
soimd-post  and  on  the  proportional 
thickness  of  the  strings  of  the  violin 
241. 

Hughes  (D.  E.),  preliminary  note  on  a 
theory  of  magnetism  based  upon  new 
experimental  researches,  19. 


Hughes  (D.  E.),  theory  of  mjigneiism 
based  upon  new  experimental  re- 
searches, 178. 

Hnmpidge  (T.  S.),  on  atomic  weight  of 
gludnum  (beryllium),  137. 

i^ly  to  •  note  by  Professor  J.  K. 

Beynolds  on  the  atomic  wei^t  of 
gludnum  or  beryllium,  358. 

Hydrogen  lines,  note  on  the  reversal  of, 
and  on  the  outburst  of,  when  water  is 
dropped  into  the  are  (liveing  and 
Dewar),74. 

Hypprometric  and  thermometrie  observa- 
tions at  heights  of  4  and  170  feet; 
and  of  Siemens'  electrical  thermo- 
meter at  260  feet  above  the  ground, 
note  on  the  establishment  and  first 
results  of  simultaneous  (Symons),  310. 

Illumination,  on  a  new  standard  of 
rPreece),  859. 

Influence  of  water  in  the  atmosphere  on 
the  solar  spectrum  and  solar  tempera- 
ture (Abney  and  Festing),  828. 

Infra-red  of  the  solar  spectrum,  atmcK 
spheric  absorption  in  the  (Abney  and 
Festing),  80. 

Innervation  of  the  mammalian  hearty 
preliminary  note  on  the  ( WocMridge), 
226. 

Iris,  note  on  the  dilator  nerve  of  the 
(Perrier),  229. 

Iron  armour-plated,  iron,  and  composite- 
built  ships  of  the  Boyal  Navj,  on  the 
changes  which  take  place  in  the 
deviations  of  the  standard  compass  in 
the,  on  a  considerable  change  of 
magnetic  latitude  (Creak),  77. 

Jevons  (William  Stanley),  obituary  no- 
tice of,  L 

Kew  Observatory,  desoripyon  of  an 
apparatus  employed  at,  for  the 
examination  of  the  dark  glasses  and 
mirrors  of  sextants  (Whipple),  42. 

Lamb  (H.)  on  electrical  motions  in  a 
spherical  conductor,  180. 

Latency,  on  the  variations  of,  in  certain 
skeletal  muscles  of  some  differont 
animals  (Cash  and  Yeo),  281. 

Law  of  resistance  in  paiallel  chann^ 
an  experimental  investigation  of  the 
(Reynolds),  84. 

Lawes  (Sir  J.  B.)  and  J.  H.  Gilbert, 
supplement  to  former  paper  entitled 
"  Experimental  inquiry  into  the  com- 
position of  some  of  the  animals  fed  and 
slaughtered  as  human  food."  Com- 
position of  the  ash  of  the  entire 
animals,  and  of  certain  s^ianted 
parts,  842. 
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Light,  <Mi  tlie  anoont  o(  rofledted  by 
metallic  surfaoes  (Conroj),  26. 

on  the  meaaurement  of  (Proeoe)| 

359. 

Liiiiittng  thickneaa  of  liquid  filma  (Rei- 

nold  *ad  Riicker),  149. 
line    apeetra    of    boion    and    ailioon 

(Oartley),  301. 
Liquid  films,  on  the  limifciaf  tlu^neai  of 

(ReiDold  &nd  Kicker),  149. 
Liat  of  candidatea  for  electioii,  66* 

selected  candidates,  178. 

of  preseata,  100,  232,  360. 

Lithium   linea»  note  on   the  order  of 

roTersibilitj    of    the    (Liyeing    and 

Dewar),  7& 
Lireing  (Gt.  D.)  and  J.  Dewar,  notes  on 

the  absorption  of  ultim-Tiolet  rajs  by 

Tarioua  substances,  71. 

—    note  on   the   rerersal   of 

hydrogen  Imes :  and  on  the  outburst 
of  hydrogen  lines  when  water  is 
dropped  into  the  arc,  74. 

— note  on  the  order  of  xerersi- 

bility  of  the  lithium  lines,  76. 
Lookwood  (C.  B.)  on  the  development  of 

the  great   omentum   and  transFerse 

mesocolon,  279. 
Lowne  (B.  T.)   on  the  structure  and 

functions  of  the  eyes  of  Arthiopoda, 

140. 


KaelCunn  (0..  X.),  obsennations  on  the 
colouring-mattera  of  the  so-called  bile 
of  inyertebrates,  and  those  of  the  bile 
of  Teitebrates,  and  on  some  nnnsaial 
urine  pigments,  Ac,  182,  370. 

Hagnetio  latitude,  on  the  changes  which 
take  place  in  the  demtions  of  the 
standard  oomp^as  in  izon  armour- 
plated,  iron,  and  compoeite-built  ships, 
on  a  considerable  change  of,  77. 

susceptibility,  experimental  deter- 
minations of,  in  absolute  measure 
(Shida),  404. 

Magnetism,  preliminary  note  on  a  theory 
of  (Hughee),  19. 

theory  of,  based  upon  new  experi- 
mental researches  (Hughes;,  178. 

M^ock  (A.)  on  curves  circumsenbing 
rotating  polygons  with  leferenoe  to 
the  shape  of  drilled  holes,  319. 

Mammalian  heart,  preliminary  note  on 
the.  inn^orvation  ca  the  (Wooldndge), 


Manganese,  on   the  atomio  weight  of 

(l>ewar  and  Soott),  44. 
Mftximnra  magnetisation,  experimental 

determinations  of,  in  abaolute  measure 

(Shida),  404. 
Maasurement  of  lii»ht,  on  the  (Freeoe), 


Metallic  refleetiott,  some  ^xperittieats  on. 
No.  8  (Conroy),  26. 

Meteorite,  examination  of  the,  which  fell 
on  the  16th  February,  1883,  at  Alfia- 
nello,  in  the  district  of  YerolannoTa,  in 
the  province  of  Brescia,  Italy  (Flight), 
25a 

Molecular  weights  of  the  substituted 
ammonias.  No.  1.  Triethylamine 
(Dewar  and  Scott),  347. 

Moon,  the  principal  cause  of  the  large 
errors  at  present  existing  between  the 
positions  of  the,  deduced  from  Han- 
sen's tables  and  observation  (Stone), 
135. 

Motion  of  a  hollow  vortex,  on  the  steady, 
(Hicks),  804. 

of  water,  an  experimental  investi- 
gation of  the  circumstances  which 
determine  whether  the,  shall  be  direct 
or  sinuous  (Reynolds),  84. 

Motor  roots  of  the  brachial  plexus,  note 
on  the  (Farrier),  229. 

MiiUer  (H.  W.)  and  W.  Be  La  Bue, 
experimental  researches  on  the  electric 
diaohai^  with  the  chloride  of  silver 
battery,  292. 

Muscle,  preliminary  note  on  the  action 
of  caicium,  barium,  and  potassium  on 
(Brunton  and  Oaah),  63. 

Newt  and  frog,  on  the  action  of  certain 
reagente  upon  the  coloured  blood- 
corpusdes  of  the  (Stirling  and  Bannie), 
114. 

Number  of  electrostatie  units  in  the 
electromagnetic  unit  of  electricity,  on 
the  determination  of  the  (Thomson), 
346. 

Obituary  Notices : — 

Balfour  (Francis  Maitland),  xx. 

Jevons  (William  Stanley),  i. 

WChler  (Fredrich),  xiL 
OrbitolUeg,  on  an  abyssal  type  of  the 

genus  (Carpenter),  276. 
OMer  of   reversibUity  of   the  lithium 

lines,    note    on    the    (Liveing    and 

Dewar),  76. 
Outburst  of  hydrogen  lines,  note  on  the, 

when  water  is  dropped  into  the  arc 

(Liveing  and  Dewar),  74. 
Owen  (Prof.)  on  the  affinities  of  Tkyla- 

coleot  19: 
pelvic    characters   of   ThylacoUo 

earnjfex,  163. 

Parallel  channels,  an  experimental  in- 
vestigation of  the  law  of  resistance  in 
(Bejnolds),  84. 

Pavy  (F.  W.),  introductory  note  on  coiu- 
miinicatjons  to  be    resented  on  the 
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ph^ology  of  the  cubohTdnteB  in  the- 
animal  syBtem,  146. 

Pelrio  oharaoten  of  T^Utooleo  e<¥ndfe» 
(Owen),  168. 

Photography,  remarks  on  ■peetnim, 
in  relation  to  new  methods  of 
qnantitatiTe  chemical  analysis.  Part  I 
(Hartley),  859. 

Phjsiologi<»d  action  and  antagonism, 
contributions  to  onr  knowledge  of 
the  connexion  between  chemical  con- 
stitution and  (Brunton  and  Gash), 
824. 

Physiology  of  the  carbohydrates  in 
the  animal  system;  introductory 
note  (P»Ty),  146. 

Pickering  (£.  C),  circular  concerning 
astronomical  photography,  260. 

Potassium,  action  of,  on  muscle; 
preliminaiy  note  (Brunton  and  Gash), 
68. 

Preece  (W.*  H.),  the  e£f»ects  of  tem- 
perature on  the  electromotire  force 
and  resistance  of  batteries,  48,  250. 

—  on  a  new  standard  of  illumination 
and  the  measurement  of  light,  869L 

Preliminary  note  on  a  theoiy  of  mag- 
netbm  based  upon  new  experimental 
researches  (Hughes),  19. 

Presents,  lists  of,  100,  282,  860. 

Pressure,  influence  of,  on  the  tem- 
perature of  Tolatilisation  of  solids 
(Ramsay  and  Toung),  808. 

Protoplasm,  on  the  continuity  of  the, 
through  the  walls  of  yegetable  cells 
(Oardiner),  168. 

Pulse  rate,  influence  of,  upon  the 
work  done  by  the  heart  (Howell 
and  Donaldson),  271. 

QnantitatiTe  chemical  analysis,  remarks 
on  spectrum  photography  in  relation 
to  new  methods  of.  Part  1  (Hartley), 
869. 

Radiant  matter  spectroscopy  (Crookes), 
262. 

Badiation,  note  on  terrestrial  (I^* 
daU),  21. 

-^—  on  the  dependence  of,  on  tem- 
perature (Siemens),  166. 

Bamsay  (W.)  and  S.  Young,  influence 
of  pressure  on  the  temperature  of 
Tolatilisation  of  solids,  808. 

Dannie  (A.)  and  W,  Stirling  on  the 
action  of  certain  reagents  upon  the 
coloured  blood-corpuscles.  Part  I. 
The  coloured  blood-corpuscles  of  the 
newt  and  frog,  114. 

Bays  of  high  refrangibility,  measure- 
ments of  the  waTe>lengths  of,  in 
the  spectra  of  elementary  substances 
(Hartley  and  Adeney),  148. 


Befleofcion,  some  experiments  on  inetallir. 

No.  8  (Conr^),  26. 
Beinold  (A.  W.)   and  A.  W.  BQcko* 

on  the  limiting  thickness  of  liqaid 

ilms,  148. 
Besistance  of  batteries,  the  eflRscts  of 

temperature  on  (Preece),  48,  260. 
BcTcrsal  of  hydrogen  Unee,  note  on  the 

(Liyein^  and  Dewar),  74. 
Berersibihty  of  lithiom  lines,  iK>te  on 

the  order  of  (LiTeing  and  Dewar), 

76. 
Beynolds  (J.  E.),  note  on  tiie  aiomie 

weight    of  gludnnm    or    berrlliam, 

248. 
Beynolds  (O.),  an  experimental  inresti- 

Sstion  of   the    circumstances  wiiich 
etermine   whether   the   motion    of 

water  shall  be  direct  or  sinuons,  and 

of  the  law  of  rssistance  in  parmlld 

channels,  84. 
BHixopoda,  arenaceous,  note  on  ^Jfrte* 

^oMnntfia,  a  new  type  of,  165. 
Botating  polyeons,  on    ourres  ciream- 
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celebrated  Gotiingen  Laboratory  was  built  under  bis  directioiis,  and 
here  be  oontinued  to  work  assidnooslj  at  bis  science.  Some  bnndreda 
of  researcbes  testify  to  tbe  diligence  witb  wbicb  be  worked  dnring 
tbese  years.  Up  to  tbe  year  1862  "  Poggendorff's  Annalen  *'  already 
contained  225  papers  by  Wobler.  Students  flocked  from  all  parts  of 
the  world  to  study  under  bis  guidance. 

Wobler's  work  "  Der  Ghindriss  der  Cbemie,"  of  wbicb  new  editions 
baye  appeared  from  time  to  time  until  quite  recently,  bas  been  trans- 
lated into  Englisb,  Frencb,  Dutcb,  Swedisb,  and  Danisb.  His  book 
*' Mineralanalyse  in  Beijnelen"  also  passed  tbrougb  several  editions. 
From  1838  Wobler  was  Liebig's  colleague  in  editing  tbe  "  Annalen 
der  Cbemie  und  Pbarmacie,"  and  be  publisbed  in  conjunction  witb 
Liebig  and  otbers  the  "  Handworterbucb  der  Cbemie  "  (Dictionary  of 
Cbemistry). 

It  is  bardly  necessary  to  mention  tbat  Wobler  received  numerous 
bonours  and  distinctions.  Scientific  societies  were  glad  to  number 
bim  among  tbeir  members.  Tbe  German  Cbemical  Society  elected 
bim  President.  He  was  Klnigbt  of  tbe  Order  "  Pour  le  M6rite."  He 
was  elected  a  foreign  member  of  tbe  Boyal  Society  in  1854,  and 
received  tbe  Copley  Medal  in  1872.  On  bis  eigbtietb  birthday  bis 
friends,  pupils,  and  colleagues  presented  to  bim  a  beautifully  executed 
relief  in  marble  of  himself,  together  witb  a  gold  medal  struck  in  his 
honour. 

Of  late  years  Wobler  bad  ceased  to  work  at  research,  although  he 
continued  to  teach  and  occasionally  to  publish  short  papers.  A  letter 
written  in  1878  to  Dr.  Victor  Meyer  gives  a  good  idea  of  the  spirit 
of  quiet  contemplation  in  which  the  old  man  rested  from  his  laboui*s. 
A  few  words  are  necessary  to  explain  the  occasion  of  this  letter.  In 
the  summer  of  1878  Victor  Meyer  had  been  giving  to  bis  students  a 
somewhat  detailed  account  of  the  discovery  of  urea,  when  it  suddenly 
bocurred  to  bim  that  it  was  just  fifty  years  since  this  synthesis  had 
been  accomplished  by  Wobler,  which  fact  he  mentioned  to  his  class. 
The  consequence  was  that  after  tbe  lecture  the  students  sent  Wobler  a 
telegram  of  congratulation,  to  which  was  appended  a  large  number 
of  signatures.  Tbe  following  letter  came  shortly  afterwards  in 
reply — 

Gottingen,  26.  Juni  1878. 
Hochverehrter  Herr  College ! 

Sie  baben  mir  die  Ehre  erwiesen  in  Ihrer  Vorlesung  meiner  zu 
gedenken,  und  baben  das  Interesse  an  dem  Gegenstande  Ihres  Vortrages 
bei  Ibren  Zuhorem  so  lebendig  zu  erregen  verstandeu,  dass  dieselben 
▼eranlasst  wurden  durch  ein  in  liebenswUrdigster  Form  abgefasstes 
Telegramm  mir  ibre  Gliickwunsche  zu  dem  f nnfzigjahrlichen  Jubilaum 
der  kdnstlicben  Bildung  des  HamstofTs  darzubriugen.  Ichbirte  Sie, 
Ibren  Herren  Zuborern  fur  diese  uberaus  freundliche  Aufmerksamkeit 
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meinen  warmsien  Dank  ansdrucken  zu  wollen  imd  ihnen  za  SBf^eaif 
dasa  816  mioli  doppelt  erfrent  hat  als  ein  Zeichen,  dass  ein  alter 
Ghemiker,  dessen  Kraf te  niclit  mehr  gestatten,  sich  an  dem  weiteren 
AnfbaxL  der  Wiasensoliaft  selbst  noch  zn  betheiligen,  von  der  jilngeren 
Generation  nicbt  ganz  yergessen  ist,  deren  raschen  Fortachritten  and 
wunderyollen  Erfolgen  aber  immer  noch  seine  Frende  hat,  gleich 
dem  alten  Fuhrmann,  der  selbst  nicht  mehr  fahren  kann,  aber  das 
lostige  Peitsohenknallen  der  jangeren  nooh  geme  horen  mag. 
Mit  vorziiglicher  Hoohachtang, 

Ihr  ganz  ergebenster, 

WOHLBB. 

Wohler  passed  the  eighty-second  anniversary  of  his  birth  last 
summer  in  good  health,  snrronnded  bj  his  children,  grandchildren, 
and  great  grandchildren,  and  in  the  course  of  the  daj  received  viidtB 
from  various  friends,  colleagues,  and  pupils.  He  kept  well  through 
the  month  of  August,  and  enjoyed  sitting  out  in  his  garden  during  the 
warm  summer  weather.  On  the  18th  September  he  did  not  go  out 
on  account  of  the  coldness  of  the  weather,  and  in  the  course  of  the 
evening  was  seized  with  a  shivering  fit.  Fever  soon  came  on,  and  on 
the  23rd  September  he  breathed  his  last. 

In  accordance  with  his  express  wish  his  foneral  was  simple.  The 
service  was  conducted  in  the  house  by  the  University  preacher.  A 
long  procession  of  mourners  followed  tiie  body  to  the  cemetery. 

Wohler  was  twice  married.  His  first  wife,  Franziska,  daughter  of 
Staatsrath  Wohler,  whom  he  married  in  1830,  died  in  1832,  leaving 
him  a  son  and  a  daughter.  In  1834  he  married  Julie  Pfeiffer,  daughter 
of  a  banker  in  Cassel,  by  whom  he  had  four  daughters,  and  who 
survives  him.  Two  daoghters  remain  unmarried— one  of  whom, 
Fraulein  Emilie  Wdhler,  long  acted  as  her  father's  secretary. 

A  charming  account  of  Wohler's  stay  with  Berzelius  in  Sweden, 
written  by  himself,  is  to  be  found  in  No.  12  of  the  "  Berichte  der 
Deutschen  Chemischen  Gesellschaft,"  1875,  under  the  title  "  Jugend- 
eiinnerungen  eines  Chemikers.*' 

Francis  Maitland  Balfour,  the  sixth  child  and  third  son  of  James 
Maitland  Balfour,  of  Whittinghame,  Haddingtonshire,  and  Lady 
Blanche,  daughter  of  the  second  Marquis  of  Salisbury,  was  bom 
in  Edinburgh  on  the  10th  November,  1851.  His  father  died  of 
phthisis  in  1856,  at  the  early  age  of  36,  and  his  own  health  was  for 
several  years  far  from  being  strong,  so  that  at  times  his  friends  were 
not  without  anxiety  lest  he  too  should  be  attacked  with  the  same 
malady. 

The  beginnings  of  Balfour's  scientific  career  may  be  traced  to  the 
influence  of  his  mother,  who  endeavoured  to  cultivate  in  aU  her 
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children  some  taste  foi^  natural  science  or  natural  liistorj.  Under 
her  guidance  the  children  early  formed  a  geological  collection,  begin- 
ning with  fossils  picked  from  the  grarel  in  front  of  the  house ;  in 
this  collection^  little  Frank,  as  jet  only  seyen  or  eight  years  old,  inte- 
rested himself  greatly,  and  when  offered  the  choice  of  a  birthday 
present,  begged  for  a  large  box,  with  trays  and  divisions,  for  hold*, 
ing  fossils*  The  love  for  geology  thus  started  grew  strong  in  him 
during  his  boyhood ;  and,  indeed,  this  continued  to  be  his  favourite 
study  until  he  went  to  Cambridge.  At  the  same  time  he  was  also 
drawn  to  natural  history,  making  a  collection  not  only  of  butterflies, 
as  most  boys  do,  but  also  of  birds,  having  learnt  how  to  prepare 
and  preserve  skins. 

After  spending  some  little  time  at  Hoddesdon,  in  Hertfordshire,  at 
the  preparatory  school  of  the  Rev.  C.  B,  Chittenden,  he  entered  at 
Harrow  in  1865.  His  love  of  science  was  daily  growing  stronger,  but 
the  ordinary  school  studies  awakened  very  little  interest  in  him ;  and 
at  Harrow,  as  at  Hoddesdon,  he  was  not  very  successful  in  the  routine 
class  work.  He  was  left-handed,  and  in  his  early  days  somewhat 
awkward  in  muscular  exercises,  though  later  on  he  overcame  his  defi- 
ciencies in  this  respect,  and  not  only  acquired  great  skill  in  anatomical 
and  microscopical  manipulation,  but  became  an  expert  Alpine  climber. 
A  similar  inaptitude  to  learn  by  mere  imitation  followed  him  into 
his  school  work ;  writing  was  a  trouble  to  him,  and,  indeed,  spelling 
no  less  so ;  hence  his  school  career  gave  no  promise  of  the  achievements 
which  were  to  come.  Happily,  even  at  that  time,  science  was  cared 
for  at  Harrow,  and,  in  the  scientific  teaching  of  Mr.  G.  Griffith, 
Balfour  found  a  satisfaction  which  he  failed  to  get  from  his  class 
work.  Though  these  science  studies  were,  so  to  speak,  extra  acade- 
mical, he  threw  himself  into  them  with  great  enthusiasm,  and  his 
future  life  was  perhaps  foreshadowed  by  the  delight  he  showed  when 
the  Bev.  A.  E.  Eaton,  on  a  visit  to  Harrow,  taught  him  the  art  of 
dissecting  under  water. 

Geology  stiD,  however,  remained  his  favourite  study. .  In  1868,  he 
sent  np,  in  competition  for  a  prize,  an  essay  on  the  geology  and 
natural  history  of  East  Lothian.  This  and  another  essay,  by  Mr.  A. 
Evans,  son  of  Mr.  J.  Evans,  F.B.S.,  were  considered  to  be  of  such 
nnusnal  worth  that  Professor  Huxley  was  specially  requested  to 
adjudicate  on  them ;  the  two  essays  received  equal  prizes.  The  sub- 
stance of  his  essay,  Balfour,  in  conjunction  with  his  brother,  Mr.  Gerald 
Balfour  (afterwards  with  Francis  a  Fellow  of  Trinity  College),  sub- 
sequently elaborated  into  a  paper  "  On  some  points  in  the  Geology  of 
the  East  Lothian  Coast,''  which  was  published  in  the  '*  Geological 
Magazine  "  for  1872. 

In  1870  he  left  Harrow  for  Cambridge  with  the  reputation  of  a  boy 
not   likely  to  distinguish    himself   greatly  in  ordinary  Universi^ 
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stadies,  bat  still  aa  one  who  by  his  great  nataial  ibilitieB,  and 
especially  by  the  force  of  his  strong  character,  bade  fair  to  make  his 
mark  somewhere. 

In  the  October  term  of  that  year  he  went  into  resid^ce  at  Trinity 
College,  Cambridge,  his  college  tntor  being  Mr.  J.  Prior.  He  early 
placed  himself  nnder  the  private  tuition  of  Mr.  Marlborough  Pryor 
(who  had  just  been  elected  the  first  Natural  Science  Fellow  at  Trinity 
College),  and  after  passing,  at  Christmas,  the  *'  Previous  Examina- 
tion," devoted  himself  entirely  to  natural  science.  In  Mr.  MarU 
borough  Pryor  he  found  a  friend  of  remarkably  wide  knowledge  and 
sound  judgment,  who  not  only  so  well  directed  his  pupiPs  studies, 
that  at  Easter,  Balfour  was,  without  hesitation,  elected  Natural 
Bcience  Scholar  at  his  college,  but  carefully  matured  those  higher 
scientific  qualities  which  are  rarely  tested  in  any  examination. 

After  Christmas  Balfour  attended  the  lectures  of  Dr.  Midiael 
Foster,  who  had  been  called  to  Trinity  College,  Cambridge,  as  Pre- 
lector, at  the  same  time  that  Balfour  entered  as  a  student.  In  a 
course  of  lectures  on  embryology,  given  by  the  latter  in  the  following 
Easter  term,  Balfour  was  especially  interested,  and  he  soon  after 
definitely  made  up  his  mind  to  devote  himself  to  the  study  of  animal 
morphology. 

Before  long  he  was  invited  by  Dr.  Foster  to  join  him  in  pre- 
paring for  publication  the  lectures  on  embryology,  which  the  latter 
had  given,  and  with  that  end  in  view  began  original  inquiry  by 
attempting  to  investigate  certain  obscure  points  in  the  history  of  the 
chick.  The  results  of  these  stndies  were  subsequently  published  in 
the  "  Quarterly  Journal  of  Microscopical  Science "  (July,  1873),  as 
three  papers  "On  the  Development  and  Growth  of  the  Layers  of 
the  Blastoderm,'*  "  On  the  Disappearance  of  the  Primitive  G-roove  in 
the  Embryo  Chick,"  and  '*  On  the  Development  of  the  Blood-vessels 
of  the  Chick."  Some  of  the  views  enunciated  in  these  early  papers 
were  naturally  modified  by  later  experience,  but  the  observations  on 
the  primitive  streak  are  interesting  as  forming  the  startii^  point  of 
views  which  Balfour  developed  more  fully  afterwards. 

These  investigations,  and  others  not  recorded  in  any  special  papers, 
but  made  use  of  in  the  little  work  "Elements  of  Embrydogy" 
(1874),  by  Dr.  Foster  and  himself,  occupied  so  much  of  Balfour's 
time  and  energy,  that  he  was  unable  to  do  much  in  the  way  of 
formal  preparation  for  his  degree.  Nevertheless,  he  nearly  sue- 
oeeded  in  obtaining  the  first  place  in  the  Natural  Sciences  Tripos 
in  December,  1873;  this  fell  to  Mr.  H.  Newell-Martin,  now 
Professor  at  Baltimore,  United  States,  America,  Balfour  being  placed 
second.  Immediately  after  his  degree  he  started,  in  company  with 
his  friend  Mr.  A.  Dew-Smith,  for  Naples,  to  occupy  at  the  Statione 
Zoologica  of  Dr.  Anton  Dohm  one  of  the  tables  at  the  disposal  erf 


Digitized  by 


Google 


xxm 

the  Uniyersify  of  Cambridge,  and  began  those  researches  oh  the 
development  of  Elasmobranohs  with  which  his  name  will  be  ever 
associated.  Before  leaving  Naples  in  the  following  summer  he  had 
not  only  obtained  some  striking  results  as  to  the  development  of  the 
layers  of  the  blastoderm,  but  had  in  reality  solved  the  difficult 
problem  of  the  nature  and  origin  of  the  urogenital  system  of 
vertebrates.  The  woik  done  in  Naples  showed  talents  of  so  high  an 
order  that  in  the  following  October  (1874)  Balfour  was  on  account  of 
it  unhesitatingly  elected  a  Fellow  of  his  College.  The  following 
winter  he  spent  in  a  visit  to  South  America  with  his  friend  Marl* 
borough  Pryor,  but  returning  in  the  spring  of  1875  resumed  his 
investigations  at  Naples. 

He  had,  at  the  meeting  of  the  British  Association  at  Belfast,  in 
August,  1874,  made  a  brief  statement  of  his  researches,  and  in 
October  of  the  same  year  published  a  preliminary  account  in  the 
"Quarterly  Journal  of  Microscopical  Science."  In  the  course  of 
1875  he  contributed  to  the  "  Journal  of  Anatomy  and  Physiology  "  a 
paper  on  the  Urogenital  Organs  of  Elasmobranchs,  and  laid  before 
the  Boyal  Society  an  account  of  the  development  of  the  spinal  nerves 
in  those  animals,  which  was  subsequently  published  in  the  *'  Philoso* 
phical  Transactions.*'  He  now  commenced  in  the  "  Journal  of 
Anatomy  and  Physiology ''  a  series  of  papers  (the  first  of  which  was 
published  in  January,  1876),  giving  a  complete  account  of  the  deve- 
lopment of  the  Elasmobranchs.  These  were  afterwards  (1878) 
republished  as  a  monograph. 

In  the  course  of  the  summer  of  1875,  arrangements  were  made  for 
him  to  deliver  at  Cambridge  a  course  of  lectures  on  animal  morpho- 
logy. These  he  began  in  the  following  October,  and  soon  after  his 
position  was  secured  by  his  being  appointed  as  lecturer  to  his  College, 
though  his  lectures  as  before  continued  to  be  delivered  in  the  Univer* 
sity  baildings,  and  to  be  open  to  all  students  of  the  University. 
Beginning  with  a  very  small  audience,  he  rapidly  drew  students  to 
him  by  the  powerful  way  in  which  he  taught  as  well  as  by  the 
interest  which  he  showed  in  the  progress  of  each  individual  pupil. 

In  spite  of  the  time  and  energy  taken  up  in  organising  and  carrying 
on  these  lectures,  he  himself  always  assisting  in  the  accompanying 
practical  exercises,  he  pursued  with  ujiflagging  ardour  his  original 
investigations.  No  sooner  had  he  finished  the  monograph  on  the 
Elasmobranchs,  than  he  set  himself  to  write  a  complete  treatise  on 
Comparative  Embryology.  The  value  of  this  work,  the  first  volume 
of  which,  treating  of  invertebrates,  appeared  in  1880,  and  the  second, 
of  vertebrates,  in  1881,  cannot  easily  be  exaggerated.  It  is  not  only 
a  masterly  digest,  in  which  the  enormous  number  of  observations  made 
during  the  last  quarter  of  a  century,  and  especially  during  the  last 
4ecenninm.  are  marshalled  in  proper  order,  and  their  nature  and 
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significance  dearly  and  acntelj  explained ;  it  also  contains,  one  might 
say  in  almost  every  page  of  the  two  thick  Tolnmes,  the  record  of 
original,  often  laborious  inquiries,  to  which  the  anthor  was  stimalated 
sometimes  for  the  sake  of  yerifying  the  statements  of  other  obserrers, 
but  more  frequently  for  the  purpose  of  solving  morphologioJ 
problems  which  presented  themselves  to  him  as  the  work  went  obl 
Some  of  the  larger  results,  which  thus  sprang  out  of  the  work, 
elaborated  as  inquiries  carried  out  by  himself,  or  through  him  by  his 
pupils,  were  published  as  separate  papers ;  but  even  when  these  are 
accounted  for,  there  still  remains  imbedded  so  to  speak  in  the  work, 
an  enormous  amount  of  original  work,  in  the  form  both  of  new  facts 
observed  by  himself  and  of  luminous  interpretations  of  the  facts  which 
others  had  recorded,  but  whose  true  meaning  others  had  failed  to  see. 

Parts  of  his  vacations  were  spent  in  trips  or  longer  voyages^  for  the 
sake  of  health  and  amusement.  In  this  way  he  twice  visited  Finland, 
and  spent  a  Christmas  in  Greece ;  but  he  always  contrived,  even  in  the 
midst  of  his  pleasures,  to  make  his  holidays  help  in  his  work.  He 
paid  repeated  visits  to  Naples,  and  indeed  he  was  from  the  b^^ning 
one  of  the  staunohest  and  most  valuable  friends  of  Dr.  Dohm 
and  of  the  Statione  Zoologica,  He  was  on  a  visit  to  his  friend 
Prof.  Elleinenberg,  at  Messina,  in  the  Christmas  of  1881,  buoyant 
with  the  feeling  of  relief  at  having  completed  the  Comparative  Em* 
bryology,  when,  stajing  at  Naples  on  his  way,  he  found  a  pupil  who 
had  been  sent  by  the  University  of  Cambridge  to  study  at  the  Statione 
Zoologica,  lying  sick  of  typhoid  fever  at  Capri.  With  charactenstic 
unselfish  tenderness,  Balfour  set  himself  to  nurse  his  pupil  until  the 
young  man's  friends  could  arrive.  There  can  be  no  doubt  that  he 
thus  caught  the  malady,  for  in  January  (1882),  soon  after  his  return 
to  Cambridge,  he  himself  was  laid  up  with  an  attack  of  typhoid  fever, 
which  threatened  to  be  severe,  but  happily  passed  off  well. 

Some  time  before  this  great  endeavours  had  been  made  to  induce 
him  to  become  a  candidate  for  the  chair  at  Oxford  left  vacant  by  the 
lamented  death  of  Professor  Q.  Bolleston,  and  afterwards  he  was 
even  more  vigorously  urged  to  accept  a  nomination  to  succeed  the 
late  Sir  Wyville  Thomson  in  the  chair  of  Natural  History  at  Edin- 
burgh, perhaps  the  best  endowed  and  most  conspicuous  biological 
chair  in  the  United  Kingdom.  He  refused,  however,  to  leave  his  own 
University,  though  his  position  there  was  simply  that  of  a  college 
lecturer  and  he  had  no  post  in  the  University  itself.  Moved  by  the 
peril  of  thus  losing  one  of  the  brightest  and  most  promising  of  its 
alwMii^  the  University,  at  the  instigation  of  Balfour's  friends,  took  a 
most  unusual  step,  and  the  Council,  with  the  approval  of  the  whole 
University,  instituted  a  new  chair  for  Balfour  himself,  and  in  March, 
1882,  he  was  elected  Professor  of  Animal  Morphology. 

On  his  return  from  a  visit  to  Naples  in  the  summer  of  1876,  he 
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stayed  for  some  little  time  in  Switzerland,  and  apparently  then  was  first 
taken  with  the  lore  of  Alpine  climbing,  though  it  was  not  till  the 
summer  of  1880  that  he  made  any  difficult  ascents.  The  fondness  for 
this  exercise,  the  beneficial  efEects  of  which  on  his  health  were  most 
striking  and  encouraging,  grew  upon  him  in  the  following  years.  In  the 
summer  of  1881  he  passed  some  weeks  in  Switzerland,  in  company  with 
his  brother,  Mr.  Gerald  Balfour,  and  by  his  feats  on  that  occafiion  placed 
himself  at  once  in  the  front  rank  of  Alpine  climbers.  In  the  summer 
of  1882  he  thought,  and  even  the  most  cautious  of  his  friends  thought 
with  him,  that  the  Alpine  air  and  mode  of  life  would  remove  the  last 
traces  of  weakness  which  the  typhoid  fever  had  left  behind,  and  in 
June  he  started,  full  of  spirits,  for  Switzerland.  Af  ber  some  two  or  three 
weeks  or  so  of  climbing,  during  which  he  felt  his  strength  quite  come 
back,  the  old  remedy  acting  with  its  usual  charm,  he  set  off  from 
Gourmayeur,  with  his  guide,  Johann  Petrus,  on  Tuesday,  July  18,  to 
ascend  the  neighbouring  Aiguille  Blanche,  a  hitherto  virgin  peak. 
But  he  never  came  back  alive.  On  the  following  Sunday  an  exploring 
party  found  his  remains  and  those  of  his  guide  lying  high  up  on  the 
mountains  at  the  foot  of  a  couloir.  The  exact  time  and  manner  of  his 
death  will  never  be  known,  but  it  is  probable  that  the  fatal  fall  took 
place  on  Wednesday,  the  19th;  it  is  almost  certain  that  death  was 
instantaneous,  and  it  is  the  opinion  of  some  that  in  the  accident  the 
guide  fell  first  and  carried  Balfour  with  him.  The  body  was  brought 
home  to  England  and  buried  at  Whittinghame. 

To  describe  in  a  few  words  Balfour's  contributions  to  biological 
science  is  a  difficult  or  rather  an  impossible  task,  for  brief  as  was  his 
life,  his  active  brain  had  traversed  a  large  and  varied  area  of  thought 
and  observation.  The  leading  idea  which  guided  him  in  all  his  work 
was  to  use  the  facts  of  embryology  to  explain  the  development  of 
animal  life,  to  make  the  evolution  of  the  individual  throw  light  on  the 
CTolution  of  races  and  kinds.  This  idea  was  of  course  no  new  one ; 
indeed  it  has  guided  nearly  all  morphological  inquiries  since  Darwin's 
labours,  as,  in  a  way,  it  did  some  before.  But  it  was  Balfour's  distin- 
guishing feature  and  merit  that  while  his  lively  imagination  opened 
up  to  him  all  manner  of  bold  views  and  striking  hypotheses,  a  strict 
logical  sense  forbade  him  to  confound  a  mere  possible  or  likely  sug- 
gestion with  a  proven  truth.  The  value  of  his  work  lay  in  this,  that 
when  he  had  conceived  an  idea  he  left  no  means  untried  to  test  its 
worth,  and  the  charm  of  his  writings  consists  as  well  in  the  clear 
and  strong  way  in  which  he  lays  down  proofs  of  the  things  which  he 
considered  proven,  as  in  the  frank  candour  with  which  he  sets  forth 
the  difficulties  of  a  probable,  but  as  yet  uncertain,  opinion. 

Perhaps  the  most  striking  and  complete  of  his  works  is  that  in 
which  in  a  masterly  way  he  furnished  adequate  proof  of  the  view 
(which  had  occurred  to  others  as  well  as  himself)  tiiat  the  urogenital 
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organs  of  vertebrates  are  the  derivatives  of  the  segmental  organs  of 
Vermes,  thus  forging  a  strong  link  in  the  chain  which  holds  together 
all  animal  life.  Of  still  wider  import,  and  perhaps  still  greater  valne, 
was  his  elaboration  of  views,  begun  in  his  apprentice  work  on  the 
Primitive  Streak,  and  continued  even  into  those  last  investigations 
which  his  sad  death  left  unfinished,  on  what  may  }»e  spoken  of  as  the 
general  formation  of  the  complex  animal  bodies,  and  especially  on 
the  relation  of  the  alimentary  canal  to  other  parts.  Balfour  early  saw 
that  certain  vanishing  grooves  and  holes  and  burrows  in  the  embryos 
of  higher  vertebrates  were  the  traces  of  the  ways  in  which  these 
higher  forms  had  been  evolved  from  lower  ones,  and  all  his  woik 
through  he  left  no  stone  unturned,  i.e.,  no  specimen  or  section  un- 
searched,  in  his  efforts  to  fill  up  gaps  of  evidence,  and  thus  to  make 
the  whole  story  clear. 

The  same  guiding  principle,  the  same  logical  method,  the  same 
clear  distinction  between  the  proven  and  the  probable  are  also  seen 
in  his  remarkable  memoir  on  the  Spinal  Nerves  of  Elasmobranchs 
(which  threw  almost  as  much  light  on  the  genesis  of  the  vertebrate 
nervous  system  as  his  earlier  work  did  on  the  urogenital  organs),  and, 
indeed,  are  conspicuous  in  every  one  of  his  separate  papers,  including 
the  unfinished  fragments  on  Peripatas,  as  well  as  in  evei/  page  of  the 
incomparable  **  Comparative  Embryology."  He  was  unwearied  in  his 
labours, sitting  for  hours  together  preparing  and  examining  section 
after  section;  but  others  have  been  as  unwearied  as  he.  To  him 
belonged  that  part  of  genius,  which  kept  him  from  being  bnHed 
beneath  accumulated  ^ts,  and  gave  him  the  power  to  seise  at  once 
upon  the  new  salient  fact  as  soon  as  it  appeared,  to  develope  its 
meaning,  and  to  carry  its  teaching  home  to  others  by  solid  irre- 
fragable reasoning. 

Balfour  will  be  known  hereafter  as  a  brilliant  morphologist,  as  one 
who  busied  himself  with  high  questions  of  theoretic  import ;  but  there 
was  also  another  side  to  even  his  biologic  character.  Much  of  the  pro- 
gress of  biology  has  been  due  to  the  labours  of  men  to  whom  perhaps 
more  rightly  belongs  the  title  of  naturalist ;  men  who  often  do  not  vex 
themselves  with  the  more  abstract  problems  of  morphology,  but  borp 
with  an  innate  love  of  living  things,  quietly  gather  facts  and  work 
out  truths,  putting  together  their  results  in  the  guise  for  the  most 
part  of  some  taxonomic  inquiry.  Naturalists  of  this  stamp  are 
generally  born  such,  not  made,  whereas  a  man  of  adequate  mental 
strength  may  l)ecome  an  accomplished  morphologist  without  feeling 
any  real  sympathy  with  concrete  animal  life ;  he  may  be  carried  on  ' 
by  the  mere  interest  of  purely  intellectual  questions.  Now  Balfour, 
like  his  master,  Darwin,  was  a  bom  naturalist ;  his  knowledge  and 
appreciation  of  the  concrete  characters  of  the  individual  were  as 
striking  as  the  power  which  he  displayed  in  dealing  with  abstract 
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theories,  fle  "  k  3w  his  British  birds"  as  few  others  did;  nor  was  his 
knowledge  of  species  limited  to  these ;  and,  indeed,  had  he  lived  to 
complete  the  monograph  on  Thjsanoura,  for  which  he  had  been  long 
collecting  materials,  this  would  probably  have  placed  him  in  the  yerj 
foremost  rank  of  British  tazonomists. 

He  was,  as  we  have  said,  a  geologist  who  became  a  biologist,  but 
his  sympathies  wit^  all  science  remained  wide  and  deep.  His  know- 
ledge of  physics,  f  \  far  as  it  went,  was  singularly  clear  and  sound  ; 
his  judgment  on  intricate  physiological  questions  was  often  of  the 
greatest  use  to  his  friends  at  Cambridge.  He  was  an  ardent  politician, 
he  possessed  great  sympathy  with  art,  and  in  the  business  of  his 
College  and  University,  as  well  as  in  other  matters,  showed  adminis- 
trative abilities  of  the  very  highest  order. 

He  had  in  him  all  the  making  of  a  great  man,  and  his  greatness 
would  have  been  felt  whatever  had  been  the  things  to  which  he 
turned  his  hand ;  and  no  small  part  of  the  power  with  which,  even  in 
his  few  years,  he  had  already  begun  to  influence  others,  sprang  from 
those  qualities  which,  by  a  common  but  misleading  analysis,  we  call 
moral  as  distinguished  from  intellectual.  According  to  the  degree 
to  which  their  intimacy  with  him  grew,  those  who  got  to  know  him 
were  charme^^  with  his  kindly  courteousness,  fascinated  with  his  bril- 
liant, cheerful,  often  playful,  companionship,  held  fast  by  his  warm- 
hearted, steadfast  friendship.  The  feeble  found  him  a  patient  helper ; 
meanness,  untruthfulness,  and  conceited  stupidity  were  alone  able 
to  provoke  him  to  anger,  and  to  show  what  powers  of  scorn  and 
sarcasm  lay  hidden  in  him. 

Though  he  died  so  young,  his  great  merits  were  already  rapidly 
gaining  due  recognition.  He  became  a  Fellow  of  the  Society  in 
June,  1878;  on  him,  in  November,  1881,  was  bestowed  one  of  the 
Boyal  medals,  and  at  the  same  time  he  was  elected  member  of  Council. 
In  the  spring  of  1881  he  received  the  honorary  LL.D.  of  Glasgow, 
and  at  the  time  of  his  death  he  was  President  of  the  Cambridge 
Philosophical  Society,  having  been  elected  to  that  position  in  October, 
1881. 

We  have  already  spoken  of  the  eagerness  shown  both  at  Oxford 
and  Edinburgh  to  gain  him,  and  of  the  steps  taken  at  his  own  Uni- 
versity to  keep  him.  For  one  brief  term  only  was  he  professor,  and 
even  during  that  term,  owing  to  his  previous  illness,  he  gave  no 
lectures ;  now,  instead  of  his  bright  presence,  there  is  left  at  Cam- 
bridge only  his  memory  and  the  wish  to  carry  on  the  work  he  left 
undone. 

M.  P. 
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